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Surgically implanting pacemaker to control heartbeat (below). See p 63 


One-megawatt r-f generator for resonant heating of plasma, p 70 


Designing automatic gain control into superregenerative amplifiers, p 76 
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PULSE 
TRANSFORMERS 


MINIATURE STABLE WOUND CORE 


HERMETIC MIL-T-27A TYPE TFSSX36ZZ 


UTC miniature, wound core, pulse transformers 
are precision (individually adjusted under test 
conditions), high reliability units, hermetically 
sealed by vacuum molding and suited for service 
from —70° C. to +130° C. Wound core structure 
provides excellent temperature stability (unlike 
ferrite). Designs are high inductance type to pro- 
vide minimum of droop and assure true pulse 
width, as indicated on chart below. If used for 


coupling circuit where minimum rise time 
is important, use next lowest type number. 
Rise time will be that listed for this lower 
type number... droop will be that listed 
multiplied by ratio of actual pulse width 
to value listed for this type number. Block- 
ing oscillator data listed is obtained in 
standard test circuits shown. Coupling 
data was obtained with H. P. 212A gen- 
erator (correlated where necessary) and 
source/load impedance shown. 1:1:1 ratio. 


DEFINITIONS 
Amplitude: Intersection of leading pulse edge 
with smooth curve approximating top of pulse 
Pulse width: Microseconds between 50% ampli- 
tude points on leading and trailing pulse edges. 
Rise Time: Microseconds required to increase 
from 10% to 90% amplitude 
Overshoot: Percentage by which first excursion 
of pulse exceeds 100% amplitude. 
Droop: Percentage reduction from 100% am- 
a a specified time after 100% amplitude 
point. 
Backswing: Negative swing after trailing edge 


as percentage of 100% amplitude. 
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H-67 14.5 17.5 5.14 








H-68 42.3 §2.1 14.8 1 
Note: 0 = Negligible 


H-45, 46, 60 thru 68 are 3/8 cube, 1 gram 


AND SPECIAL UNITS 
TO YOUR SPECS 





TRANSISTOR TEST CIRCUIT 


H-47 thru 52, 9/16 cube 4 grams H-53 thru 57, 5/8 cube 6 grams 


While stock items cover 
low level uses only, most 
of UTC’s production is on 


special units to customers’ 
needs, ranging from low 
levels to 10 megawatts. 


Write for Catalog for 
full details on these 
and 1000 other stock items 
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Surgeon at Miamonides Hospital, Brooklyn, prepares to implant an 
artificial pacemaker developed by GE. See p 63 COVER 


Plans for Dyna-Soar’s Ground Net Revealed. Communications 
and data link (CADL) subsystem handles six general classes of 
telemetry data 


Closely-Defined Magnetic Field Measures Wear on Metal Surfaces 

Soviet Electronics? All’s NOT Well. Cybernetics being neglected 

Infrared System Tracks Missile Reentry. Unit uses optical head 

New Antenna System Includes Data-Processing 

MEDICAL ELECTRONICS PART V: Prosthetics—Touch Hear- 
ing Devices, Blind Readers, and Artificial Organs and Limbs. 
Techniques and equipment for replacing or augmenting non- 
functional organs and limbs. By W. E. Bushor 

RESONANT PLASMA HEATING: Equipment Delivers Mega- 
watt R-F Pulses. A key part of Stellarator nuclear fusion ex- 
periments. By H. M. Hill, Jr. 

Transient Recorder Monitors Power Lines to Protect Circuits. 


Records time and frequency of overvoltage transients. By 
F. Trainor 


AGC FOR SUPERREGENERATIVE AMPLIFIERS. Technique 
produces high-gain stable amplifier from i-f to microwave fre- 
quencies. By J. H. Kuck 


Smith-Diagrams Unit Display Uses Microwave Phase-Directional 
Coupler. Cathode-ray tube display. By S. Tsuchiya 


Designing Emitter-Coupled Monostable Multivibrators. Short-cut 
method saves design and bench time. By L. L. Kleinberg 





Crosstalk 4 Components and Materials 
Comment 6 Production Techniques 
Electronics Newsletter 9 New on the Market 
Washington Outlook Literature of the Week 
Meetings Ahead People and Plants 
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New York... major East Coast Air Freight center. Paris ... destination for U.S. products by the ton. 


ONLY TWA carries freight between 70 thriving U.S. cities and 
23 busy world centers overseas. Daily JETSTREAM EXPRESS 
flights...world’s most dependable, longest-range all-cargo service 
...fly your shipments non-stop coast-to-coast and to Europe. Next 
time you ship, call your freight forwarder...or TWA Air Freight; 


Ly 


2 CIRCLE 2 ON READER SERVICE CARD 


electronics 





[Ad ae | 


te gm 


His 


Y if i, IAD 


1M 
BH f 


wi Doe PX 
°. 2 i see 


Lx 
if 


a i 


al 
iL 
, 


"4 a 


fl) 


! 


| 
RI) 


(Fs. 
2. 


BE Bees if 
NX | 
72 ay 
ies 7) 


nee 
canencciasent nO ES 


Only a Bird in a Gilded Cage 


As succeeding generations of missiles 
penetrate the curtain of space that 
separates Earth from other planets, 
the importance of electronic guidance, 
control and airborne telemetry systems 
becomes obvious. For, without new en- 
gineering design techniques to provide 
reliable communication and control, the 
most advanced missile is but a bird in 
a gilded and very expensive cage. 


As typical examples of what can be 
accomplished to insure maximum per- 
formance in missile telemetering, com- 
munication, data processing and other 
applications, Burnell & Co. has 
developed two new filters—a miniature 
3 ke crystal filter and, employing mod- 
ern synthesis techniques, a miniature 
500 ke LC toroidal filter possessing low 
transient distortion characteristics. 


COPYRIGHT BURNELL & CO., INC. 1961 
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TECHNICAL DATA 
3 ke Crystal Filter 
Attenuation—3 db B/W—2 cps 
Shape Factor—30/3—5:1 
Impedance—500K in and out 
Temp. Coeff.—.021 eps °C 
Size—3% x 2%6 x 1%6 
Insertion Loss—3% db 
Also available in any impedance from 


500 ohms to 500K 
FREQ. 3 KC 
“10 -8 -6 -4-2 O +2 +4 46 +8 +10 


TECHNICAL DATA 
500 ke LC Toroidal Filter 

Attenuation—B/W 40 ke at 3 db 

—200 ke at 50 db 
Impedance—50 ohms in and out 
Insertion Loss—4.5 db 
Over and undershoot— 

(for a step modulated 

500 ke carrier)—less than 1% 
Size—% x 3x1% 
Other Burnell filters are available in 
frequencies up to 30 mes over a wide 
range of impedances. 


Write for new catalog. 
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MEDICAL ELECTRONICS. Hearing aids are the most common electronic 
prosthetic device worn by the handicapped in everyday life. Another 
device fast gaining similar acceptance by the medical profession and 
the public is the artificial pacemaker—an electronic substitute for the 
normal nervous pathways in the heart responsible for maintaining correct 
pumping rhythm. The various types of devices, both externally carried and 
surgically implanted, are discussed in detail by Associate Editor Bushor in 
Part V of his medical electronics series appearing in this issue (p 63). 

Shown above is the circuit of an internal pacemaker developed by the 
University of Buffalo and consultant Wilson Greatbatch, and now being 
manufactured by Medtronic. The unit, including the mercury cell batteries, 
is roughly the size of a receiver in a telephone set and is expected to per- 
form adequately for at least five years before replacement is necessary. 
Transistor Q, functions as a blocking oscillator, generating a low-power 
pulse. The output signal triggers Q., which acts as a switch. This 
action drains a capacitor, charged from the power supply, which delivers 
a 1-millisecond pulse with positive and negative peaks. These pulses 
are applied to a bipolar electrode sutured into the heart muscle. 

Pulse rate is set when device is assembled by selecting an appropriate 
value for the 3.9-megohm resistor. The entire unit is potted in epoxy 
resin to eliminate motion between components, breakage of wires and 
solder points, and prevent seepage of body fluids. 

Pacemakers will find application both as life-long substitutes for perma- 
nently damaged natural pacemakers and as temporary aid to sustain life 
until the body can make necessary repairs. The device is a practical 
demonstration of the strides that can be made toward alleviating human 
suffering and prolonging life when medicine and electronics work together 
effectively. 


MEGAWATT PULSED R-F GENERATOR described in this issue by H. M. Hill, 
Jr., is used for resonant heating of plasma in the B-66 Stellarator at 
Princeton University Plasma Physics Laboratory. This is the third 
article ELECTRONICS has carried on the various Stellarator heating 
circuits. Our July 3, 1959 issue had a description of the 250-Ke generator 
by R. L. Gamblin (p 50), and ohmic heating was described by Gamblin 
on Oct. 9, 1959 (p 57). Hill’s article begins on p 70. 


Coming In Our July 28 Issue 


FEATURE MATERIAL to appear next week includes: electron beam technology 
by R. Bakish of Alloyed Electronics Corp; a voltage-tuned oscillator that 
uses a varistor network by M. Uno of Chiba University, Japan; a tunnel- 
diode fast-step generator that produces positive or negative steps by 
R. Carlson of Hewlett-Packard Co; design of a short high-power balun that 
is continuously variable by J. T. Coleman of RCA; and a servo-driven 
bridge that measures analog voltage ratios by S. Shenfeld and H. R. 
Manke of U.S. Navy Underwater Sound Laboratory. 
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Now! minify without 


“SHOE-HORNING”. .. 


TANTALEX® Solid-electrolyte Capacitors Can Help! 


Big boast? No! Plain fact. You need no shoe horn to get high capacitance 
values into your transistorized circuits. Sprague’s ultra-miniature, solid- 
electrolyte TANTALEX Capacitors let you minify to the hilt without 


sacrificing performance or reliability! This one, 


for example, is only 





Ye" in diameter by 4" long, yet packs a whopping ‘~~ - 6.8 uF at 6 volts! 


A Reliable Source of Supply! 


Sprague Electric Company pioneered in the develop- 
ment of solid-electrolyte tantalum capacitors. Un- 
matched experience has enabled us to establish the 
largest production facilities in the capacitor indus- 
try. Producing more solid-electrolyte tantalum 
capacitors than all other suppliers combined, it 
stands to reason that Sprague Electric offers . . . in 
addition to reliability of product... reliability of 
source of supply! 





Type 150D Capacitors can be furnished to meet 
all of the requirements of Military Specification 
MIL-C-26655A. Sprague, the pioneer in the solid 
tantalum capacitor field, is your first source for 
Types CS12 and CS13. 














Polar and Non-Polar Types Available 


The famous Type 150D polarized capacitor, out- 
standing for miniature size, excellent characteristics, 
and reliable service life, is now joined by non- 
polarized Type 151D, which is useful in many new 
applications, such as phase-splitting in small low- 
voltage motors, in servo systems, in low-frequency 
timed circuits, in crossover networks, and in bypass 
applications where high ripple voltages are en- 
countered. 

@ We'll be happy to send you complete performance data 
covering the full range of sizes and ratings of Tantalex Capaci- 
vors. For information on Type 150D Capacitor, request 
Bulletin 3520D. For data on Type 151D Capacitors, specify 
Engineering Bulletin 3521. Address Technical Literature 


Section, Sprague Electric Company, 35 Marshall Street, 
North Adams, Massachusetts. 


You can get off-the-shelf delivery of Type 150D capacitors at factory prices on 
pilot quantities up to 499 pieces from your local Sprague Industrial Distributor 


SPRAGUE COMPONENTS 





CAPACITORS 

RESISTORS 

MAGNETIC COMPONENTS 
TRANSISTORS 


INTERFERENCE FILTERS 
PULSE TRANSFORMERS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 
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HIGH TEMPERATURE MAGNET WIRE 
CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 


SPRAGUE 


THE MARK OF RELIABILITY 


‘Sprague’ and ‘@ are registered trademarks of the Sprague Electric Co. 
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WOUND 
RESISTORS 
FOR 85¢ 





A COMPLETE LINE OF DEPENDABLE 
ENCAPSULATED RESISTORS 


Permaseal resistors are designed for ex- 
treme stability and long life in military and 
commercial applications requiring highly 
accurate resistance values in small physical 
sizes. To achieve this, winding forms, re- 
sistance wire and embedding materials are 
carefully matched. The completed resistors 
are then aged by a special Sprague process 
for long-term stability. 

They’re plastic embedded for mechanical 
protection and humidity resistance, meeting 
exacting requirements of MIL-R-93B and 
MIL-R-9444A (USAF). 

Permaseal Resistors are available in close 
resistance tolerances down to 0.05%. Per- 
manent identification marking is available 
to withstand all environmental conditions. 
Write For Engineering Bulletins 7500 and 
7501 to: Technical Literature Section, 
Sprague Electric Company, 35 Marshall 
Street, North Adams, Mass. 
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SPRAGUE 


THE MARK OF RELIABILITY 
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COMMENT 


Patent Legislation 


In regards to the editorial 
“Harmful Patent Legislation,” ap- 
pearing in Crosstalk, (p 4) June 2, 
if one should substitute “present 
practice” for “proposed 
tion,” “industry” or 


legisla- 
“companies” 
for “U. S. Government,” “engineer” 
for “company,” etc., one can make 
out a very good case condemning 
the “Patent Agreements” that are 
required by many companies as a 
condition of employment. These 
agreements, as you are no doubt 
aware, require that an engineer as- 
sign to the company all patent 
rights to inventions made while in 
the employ of, and sometimes for a 
period after termination of em- 
ployment, which are in some gen- 
eral way related to any field in 
which the company might consider 
itself engaged. 

The clear injustice of this prac- 
tice is that it can grant to the com- 
pany property for which the com- 
pany has not paid. Companies 
rarely employ for an _ invention; 
they usually employ for skills or 
services. If inventions are made by 
an engineer to provide the services 
or results more efficiently, this is, 
philosophically, an accident. 
Throughout the long history of let- 
ters patents, they have traditionally 
been privately held, and only re- 
cently have they been assigned in 
great numbers to corporate or pub- 
lic entities. 

Reaction to the practice indicates 
that in the future companies could 
hurt themselves by being thus ac- 
quisitive. Some engineers have al- 
ready indicated that they hesitate 
to accept employment at companies 
engaging in this practice. Undoubt- 
edly there will be other engineers 
who will react identically. The re- 
sult may be a net reduction in 
brainpower and manpower. 

It would be healthier if this prac- 
tice were eliminated before it re- 
sulted in a universal sapping of in- 
itiative. 


DAvID A. BEAN 


1603 Hess Roap, APT. 1 
REDWoOOD CITy, CALIF. 


Tissue Resistance Monitor 


We have been unsuccessful in 
getting a copy of the paper entitled 
“An Improved Tissue Resistance 
Monitor” and given at the April 30, 
1959 annual meeting of the Aero 
Medical Association by W. E. Tolles 
and W. J. Carberry of Airborne In- 
struments Laboratory. L. E. Lars- 
son, an assistant professor at the 
Umea Medical School, is interested 
in the paper. We learned of its ex- 
istence from the medical electron- 
ics article (Part I) “Diagnostic 
Measurements,” p 55 in the Jan. 20 
issue of ELECTRONICS. 

INGA BOETHIUS 
UMEA MEDICAL LIBRARY 
KUNGSGATAN, SWEDEN 

We have asked Messrs. Tolles and 
Carberry to provide Umea with a 
copy of their paper which was pri- 
vately printed and hence not gen- 
erally available. 


Therapeutic Devices 


We were very surprised to see 
Giarsol (not Gearsol), an ultrasonic 
atomizer, mentioned on the sixth 
page of Part III of your medical 
series (February 24). In contra- 
diction to the information given, 
this unit has never been commer- 
cially marketed by our firm, re- 
maining in the experimental field. 

A. GUEULETTE 
SOPHYA 
BRUSSELS, BELGIUM 

Information in question was ob- 
tained from reference 23 listed in 
Part III. Typographical error was 
ours. 


Low Level Switch 


I would like to call your attention 
to an error in a new product release 
published in the May 12th issue of 
ELECTRONICS. The release was en- 
titled ‘““Low Level Switch” (p. 104). 

In the subhead and in line 3, 
“resolution of 5 mv” should be 
“.. 5uv;” and in line 8, “less than 
50 mv” should be “. . . 50 pv.” As 
you can see the changing of the 
word microvolts to millivolts makes 
the product seem almost worthless. 
I realize this mistake was uninten- 
tional. 

Lois DE BOTTARI 
ALPHA-TRONICS 
TORRANCE, CALIF. 
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Proven Reliability 


Eighteen months ago, TSI introduced the Model 361 as the industry’s 
first completely transistorized 1 MC digital Counter/Timer. It won 
immediate acceptance. The integrity of the original design has been 
preserved through eleven successive production runs. 


Field reports on the 361 are consistently impressive. We have rarely 
received a valid report of malfunction due to a manufacturing or design 
defect. 


There are good reasons for this record of proven reliability. The 
NOR-logic design of the 361, for example, drastically reduces its semi- 
conductor count over that of conventional instruments. Our inflexible 
attitude toward derating, and our refusal to use “selected’’ components 
or transistors add significantly to the performance margins this instru- 
ment will maintain over wide ranges of power line voltage and ambient 
temperature. Like all TSI instruments, the 361 is 100% solid-state. It 
runs cool, despite its compact design. 

Engineers who use it tell us that the 361 has the best amplifier of 
any 1 MC Counter/Timer .. . sensitive, wideband, and unaffected by 
noise and jitter. They also compliment the straightforward readout, 
the flexibility provided by its dual-channel logic, and its crystal-clock 
stability. 


It will pay you to consult TSI when you need digital instrumentation 
in the real-time domain. 


% Model 361 Solid State 1 MC Counter/ A-B, freq. st'd, self-check. Dual amplifiers 
Timer /Freq. Meter. 10 MV sensitivity. 3 with unique “level-sampling” design. Avail- 
parts in 10'/week stability. Six-digit in-line able in 3%” rack (Model 361-R). Bench ver- 
Nixie readout. 0.1 cps - 1 MC freq. standard sion shown. Available from stock. 
outputs in decade steps. Modes: Count, fre- 


quency, frequency ratio, period A, period One of 17 Solid State Instruments by TSI. 


TRANSISTOR SPECIALTIES 


INCORPORATED 


Sophisticated Digital Instrumentation 


TERMINAL DRIVE, PLAINVIEW, NEW YORK + WELLS 5-8700 
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Familiar product... new use 


In the hands of experts, a well-known 
product has found a new use, brought 
about by today’s fast moving technology. 
A spacer with electrical insulating and 
special mechanical properties was 
required for this stud-mounted power 
transistor. CDF solved the problem with 
paper phenolic rolled tubing, a long- 
established grade. Fabrication of the 
spacer is accurate and low cost on 


automatic screw machines. 


Result: Reliability is assured through use of 
a time-tested and proven material, while 


costs are kept to the minimum. 


A few facts on the tubing: (1" x 14%") 
Dielectric strength, perp., vpm. 400 
Min. density i. Roane eee 
Water absorption,%....... .3.0 


Axial compression, psi. ..... . 13,000 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ® A SUBSIDIARY OF THE -Mfaehf COMPANY 
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ELECTRONICS NEWSLETTER 


Soviet Patents Coming to U.S. 


MOscOW—An American firm has signed contracts with the Soviet 
government which could open the way to a major interchange of 
American and Soviet technology. 

Jerome Feldman, president of National Patent Development 
Corp. signed contracts with Amtorg—Soviet trading corpora- 
tion headquartered in New York City—under which the firm is 
receiving exclusive licenses for 50 to 70 Soviet patents. 

National Patent in turn will sublicense patents to its customers, 
who include American Machine and Foundry, AVCO Manufac- 
turing Co., International Latex Corp. and Thiokol Chemical. 

National Patent went to Moscow upon official invitation and 
hoped to arrange cross licensing deal under which it could be 
middleman for technology moving both directions. But Feldman 
and his associates found the Soviets more interested in licensing 
their technology than in taking license on American patents. 

The American firm isn’t ready to disclose details of patents that 
are being licensed, but the fields are known to include electronics, 
ultrasonics, medical instruments and machine tools. What we 
are getting is the cream of Soviet technology, said Feldman. It is 
known that items covered include microwire drawing method, 
transistors, thermo elements, diffusion welding process and fine 


wire. 





Biomagnetics—A New 
Interdisciplinary Field 


INTENSE INTEREST is developing at 
widely scattered laboratories in a 
new interdisciplinary field called 
biomagnetics—the study of biologi- 
cal effects of magnetic fields. Some 
of the work is being sponsored by 
the Air Force because of implica- 
tions for space medicine. Increas- 
ing interest has led to additional 
session on biomagnetics at first In- 
ternational Conference on High 
Magnetic Fields, scheduled Nov. 1 
through 4 at MIT, Cambridge, 
Mass. Papers will be presented on 
effects of magnetic fields at organ- 
ismic, cellular, subcellular and mac- 
romolecular levels. 


Micromodule Symposium 
Hears Latest Trends 


LAST WEEK, at a symposium spon- 
sored by the Signal Corps and RCA, 
representatives of over 50 compa- 
nies cooperating in the micromod- 
ule program, were brought up to 
date on developments in and the 
outlook for the program. 

J. J. Newman of RCA’s Semicon- 
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ductor and Materials division indi- 
cated any low-power transistor cir- 
cuit can be made available in micro- 
module form today. A _ projected 
overall military communications 
system involves 17 million micro- 
elements, he said. The market for 
all types of microminiature compo- 
nents was estimated as $470 million 
for 1961 and $740 million for 1965. 
These figures compare to projected 
component sales of $1,092 million 
in 1961 and $1,720 million in 1965. 
No estimate was given as to what 
portion of the total microminia- 
turization figure the micromodule 
approach would command. 

3y the end of this year five new 
families of transistors and two new 
families of diodes may be available 
in microelement form, firm says. 
Other areas discussed involved the 
reliability, costs and applications of 
the micromodule. 


85% Microwave Energy 
Conversion Now Likely 


MICROWAVE ENERGY conversion effi- 
ciency of 85 percent is aim of a 
Purdue University research team. 
“Very promising” 60 percent effi- 
ciencies have already been achieved 


from 40 1N830 Sylvania diodes de- 
livering 18 volts, 10.8 watts at 2,440 
Me. 

Diodes, mounted in quarter-inch 
plate, are clamped between flanges 
of 10-inch tapered section connect- 
ing S band to 4.75-by-4.25-inch 
waveguide equipped with tuning 
plunger. Completed device will par- 
allel 18 diodes in five bands con- 
nected in series as each arm of a 
full-wave bridge—360 diodes in all. 

Other, simultaneous, approaches 
to microwave conversion—useful as 
power source for satellites and 
space vehicles—include researches 
into direct rectification using hot 
cathode-high vacuum diodes, new 
model lighthouse diodes as half and 
full-wave rectifiers, varistors, non- 
linear capacitors and resistors and 
2.450-Mce klystron for which high- 
vacuum system has just been com- 
pleted. 


Shows New Approaches 
For Data Retrieval 


TWO NEW APPROACHES to informa- 
tion retrieval were announced by 
IBM at San Jose, Calif., last week. 

A system for channeling publi- 
cations and current information 
selectively to the people most inter- 
ested in it, called Selective Dissemi- 
nation of Information, uses “pro- 
files’ based on key words describ- 
ing the nature of a publication, or 
an individual’s area of interest. 

H. P. Luhn, senior scientist and 
consultant, said the system uses a 
computer to match interest profiles 
against publication profiles, has 
been in use experimentally with 500 
engineers within the company, and 
has been proven superior to other 
existing methods. 

An instant random access infor- 
mation retrieval system named 
WALNUT has been built for use 
by the CIA. The equivalent of 
990,000 pages of information, or 
3,000 books, are stored in one cabi- 
net as permanently recorded im- 
ages on Kelvar film. Project man- 
ager N. A. Vogel said up to 100 such 
cabinets can be linked in a system, 
each cabinet potentially containing 
10” bits of digital information. 

On command, a particular image 
is instantly located by its digital 
address (magnetically stored), 
brought out and reproduced on a 
Kelvar film window in a punched 





card. This can be examined in : 
viewer with controls, with access to 
information in files, documents and 
correspondence. R. B. Johnson, 
manager of the Advanced Systems 
division, predicted such equipment 
would eventually eliminate almost 
all paper work from management 
offices. 


Use M-F Ground Waves 
to Overcome Blackouts? 


THE AIR FORCE is investigating the 
possibility of using medium-fre- 
quency ground waves for communi- 
cations during blackout caused by 
natural or man-made ionospheric 
storms. Medium frequencies from 
500 Ke to 2 Me are believed usable 
for ground-wave transmission up 
to about 1,500 miles. A study is now 
being made by AVCO Research and 
Advanced Development division. 
AVCO, meanwhile, is intensify- 
ing investigation of a technique for 
sneaking through Arctic h-f com- 
munications blackout (ELEC- 
TRONICS, p 35, Aug. 5, 1960). Rome 
ADC will sponsor stepped-up study 
of plan for switching to optimum 
propagation routes and modes, tak- 
ing advantage of changing phases 
of magnetic storms. Experimental 
field tests are expected to begin 
within a year. The AVCO plan was 
recently presented to NATO Iono- 
spheric Conference in Europe. 


Slot Antenna Voltage 
Breaks Down at 250 Me 


QUANTITATIVE measurements of an- 
tenna breakdown during a rocket 
flight were made recently by Air 
Force Cambridge Research Labora- 
tory during a series of three Nike- 
Cajun rocket firings at the Eglin 
Gulf Test Range. The purpose of 
the flights was to obtain new in- 
formation concerning the voltage 
breakdown of antennas at high alti- 
tudes. 

Definite evidence was obtained of 
voltage breakdown of a slot antenna 
at 250 Mc. In addition, the follow- 
ing parameters related to break- 
down were measured throughout 
the flight: static charge on the 
vehicle, atmospheric pressure at the 
nose cone and heat inputs to the 
surface of the vehicle at four loca- 
tions. 


Voltage breakdown occurs at low 
atmospheric pressure because of 
the loss of the atmosphere’s insulat- 
ing property surrounding the an- 
tenna. The signals received from 
electronic systems in various rock- 
ets have shown antenna voltage 
breakdown to exist at altitudes 
from 59.000 to 300,000 feet at vhf, 
uhf and microwave frequencies. 

When voltage breakdown occurs, 
several things happen. Radio fre- 
quency noise is produced, antenna 
input impedance is altered, total 
radiated power is decreased, radia- 
tion pattern may be modified, and, 
in pulse systems, pulse shape is dis- 
torted. 


Integrated Patent Monitor 
for Hospitals Introduced 


DIAGNOSTIC, surgical and recovery 
room units that can be integrated 
into a hospital-wide medical elec- 
tronics system were demonstrated 
at the fourth annual International 
Medical Electronics Conference 
held in New York this week. Built 
by the Heiland division of Minne- 
apolis-Honeywell, the system con- 
sists of three expandable modular 
units. 

One unit measures and records 
physiological phenomena including: 
heart, brain, muscles and nerve po- 
tentials; pulse rate; respiration 
flow, rate and volume; heart 
sounds; body movement, body tem- 
peratures, blood pressures, oxygen 
content of the blood and chest ex- 
pansion. Plug-in blocks change a 
four or five-channel system into a 
10 or 12-channel one. 

The second unit is an electroni- 
cally controlled heart/lung machine 
for surgery. It contains a double 
blood pump and heating and re- 
frigeration mechanism. Surface or 
profound hypothermia can be in- 
duced in a patient, pumping and 
oxygenation of the blood can be 
maintained during heart surgery, 
or both can be handled simultane- 
ously. 

The third unit automatically 
measures and records a patient’s 
temperature, pulse rate, respiration 
rate, and diastolic and_ systolic 
blood pressure at two-minute inter- 
vals. It can be used as a recovery 
room or critical patient monitor. A 
one-cabinet version contains all the 
elements in a single package, and 
another has a remote recorder. 


In Brief..... 


ITT’s FEDERAL ELECTRIC CORP. re- 
ceives a $37.1-million Air Force 
contract to operate, maintain and 
support a land-based segment of 
the Distant Early Warnine 
(DEW) Line during 1962 fiscal 
year. 


SENATE passage last week sent to 
President Kennedy a bill permit- 
ting duty-free importation of 
electron microscopes and appara- 
tus using radioactive substances. 


ADMIRAL CORP. government elec- 
tronics division gets contracts 
totaling $2.2 million for 2,000 
pack-carried transceivers; radar 
switchboards and radar test sets; 
airborne high frequency radio 
equipment. 


COLLINS RADIO CO. receives two Air 
Force contracts: $1 million for 
delivery of vhf airborne com- 
munication systems; $1.5 million 
for airborne transceivers. 


NEW RADIO MODELS presented last 
week by German industry were 
10 to 15 percent more expensive 
than last year’s sets. Reasons: 
higher wages and a greater va- 
riety of models resulting in 
smaller production numbers and 
higher manufacturing costs. 


COLORADO RESEARCH CORP., Broom- 
field, Colo., an electronics sub- 
sidiary of Bell & Gossett Co., gets 
a $157,226 subcontract from GE 
for microwave refractometers for 
a new missile trajectory measure- 
ment system. 


SIEGLER CORP. receives a $725,000 
contract from the Martin Com- 
pany to produce video systems 
for operational sites of the Air 
Force Titan ICBM. 


ELECTRONIC SPECIALTY CO., Los An- 
geles, gets $1-million contract 
from Avions Fairey, Belgian air- 
craft manufacturer, for fighter 
jet aircraft equipment including 
timers, relays, sensors and actu- 
ating systems. 


LANSDALE DIVISION of Philco Corp. 
forms a microelectronics depart- 
ment for the development, manu- 
facture and marketing of highly 
miniaturized semiconductor cir- 
cuits. 
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equals the ever growing family of CAPITRON® Capacitors 


And plenty doesn’t say enough! Now Capitron adds this silicone rubber encap- 
sulated Wafer Capacitor to its more than 2,500 special capacitor designs, 
available as standard in our line. When your requirements go beyond this 

we will create a capacitor to fit your requirements. If you're working in advanced 
areas of design—atomic energy, radar, communications and control—there’s 
no need to let ordinary ‘‘off-the-shelf’’ capacitors freeze your design creativity 


. .. you may find exactly what you want in the big Capitron line. From single 
wafers to encapsulated multiple capacitors . . 


. whatever your choice or require- 
ment. 


. . you can depend on Capitron products for: 


@ high resistance to thermal extremes (—65°C to +125°C) 


® maximum stability, reliability and longevity with AMPIli-film® dielectric 
@ choice of waxdipped, encapsulated or armored types 


Complete information on Capitron Capacitors available upon request. 


@Reg. U.S. Pat. Off, 


CAPITRON DIVISION 
AMP INCORPORATED 


Elizabethtown, Pennsylvania 


Capitron products and engineering assistance are available in Canada through Aircraft-Marine Products of Canada, Ltd., Toronto, Canada 
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KLYSTRON 
AND TWT 
ACCESSORIES 


FOR LITTON AND OTHER TUBES 


12 


Klystron Focus Coils 
TWT Solenoids 


Water Loads 
Radiation Shields 
Cathode Sockets & Fingers 
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Litton microwave tube accessories have largely been confined in 
the past to those required by Litton tube users. Now, Litton develops 
and produces a variety of tube accessories to customer specifications, 
regardless of tube manufacturer or application. 


Focus Coils and Solenoids: Foil or wire wound in any size — from 
low-noise TWT’s to super-power klystrons. Epoxy impregnated by 
vacuum or pressure. One terminal board. One coolant input/output 
manifold. Leak-resistant cooling systems. Integral lead shielding. 
Water Loads: For L through C bands. Seamless aluminum guide 
construction. Light, short, versatile. Excellent pressure integrity 
to 50 psia. Super or medium power. Low VSWR with high peak and 
average power ratings. Typical L-band unit tested to 20 megawatts 
peak power, 50 KW average power. 


Other Litton tube accessories are radiation shields, differential 
thermopiles, and cathode sockets and contact fingers. 


For more data, write to: Litton Industries, Electron Tube Division, 
San Carlos, California. Or telephone LYtell 1-8411. 


LITTON INDUSTRIES 
Electron Tube Division 


MICROWAVE TUBES AND OFS PLAY DEVICES 
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High-Performance 


NUMBER 16—-NEW PRODUCT SERIES 


Commercial Potentiometer— Under $1 


Now—solve the quality-price dilemma with Bourns E-Z Trim® 
commercial potentiometers. These subminiature thorough 
breds are direct descendants of the time-proven Trimpot® 
potentiometer, and their performance shows it. They stand 
up to steady-state humidity and fully satisfy the requirements 
for such demanding applications as industrial controls. 

Settings you make with E-Z Trim units are pinpoint-sharf 
thanks to the superior angular resolution afforded by the 
15-turn shaft. They stay that way, too, because the shaft is 


self-locking. Adjustments are fast and simple—an ordinary 
screwdriver does the job. 


Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. 


1961 


Take your choice of wirewound or Resiston® carbon units. 
Wirewound Model 3067 handles a hefty watt at room 
temperature, is available with resistances of 100 ohms to 
20K. Carbon Model 3068 offers resistances of 20K to 1 Meg 


Both units have either printed circuit pins or solder lug 
terminals. 


Order in production quantities of 1000 or more 
exceptional potentiometers are yours for under $1 each 


Tell 
us you're in a hurry, and you'll have them within 48 hours 
—they’re on the shelf from coast to coast. Write now for 
plete data and list of stocking distributors. 


Mm 


3 


\ 
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2929999977)” 
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i 


lants: Riverside, California; Ames, lowa; and Toronto, Canada 
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SWEEP 
GENERATORS 





sweep widths in one 
sweep SIGNAL generator 
$1880.00 


Unusual stability in sweep widths from 
10 ke to 400 mc. Frequency range 500 
ke to 1200 mc. Built-in crystal-controlled 
harmonic markers, direct coupled scope 
pre-amplifier, and attenuators. The ulti- 
mate instrument for your IF-VHF-UHF 
requirements. 


Wide-band sweep generator 

$1260.00 
Center frequency: VHF, 0.5 to 400 mc; 
UHF, 275 to 1000 mc. Sweep widths from 
100 ke up to 400 mc. Flatness: + 0.5 db 
over widest sweep. 


a 
4444222 


Ultra-flat sweep generator 
$795.00 
Featuring +5/100 db flatness; plug-in 
oscillator heads*; variable sweep rates 
from 1/min. to 60/sec.; all electronic 


P| 





sweep f tal freq ies; sweep 
width min. of 1% to 120% of C.F. 


*Heads available within the spectrum 2 to 265 
me. Narrow-band heads on request. 


For applications bulletin and complete cata- 
log (including wide-band comparators, pre- 
cision attenvators and accessories), write: 


JERROLD "FLECTRONICS CORPORATION 


ladustrial Products Division, Dept. ITE- 103 
The Jerrold Building, Philadelphia 32, Pa. 


Jerrold Electronics (Canada) Ltd., Toronto 
Export Representative: Rocke International, N. Y. 16, N.Y. 
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WASHINGTON OUTLOOK 


PRESSURES ARE MOUNTING on the Kennedy Administration to order another 
round of increased defense spending. The Berlin crisis, the Kremlin’s 
truculent plan to boost its military budget by 35 percent, and the reve- 
lations of Soviet airpower advances at the Moscow Airshow are being 
used to put the heat on the White House. 

But the Administration is moving cautiously so far. The Pentagon 
has been ordered to make a new review of military needs in light of Mos- 
cow’s latest saber-rattling. The upshot, however, is likely to be some 
shifts in tactical plans and deployment rather than any costly long-range 
program to buy more military hardware over and above current budget 
plans. These measures could add several hundred millions to the $2.2 
billion already tacked on to the Pentagon’s appropriation request by Ken- 
nedy. But little if any extra electronics and other major procurement 
would be involved. 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION has selected RCA to 
build seven space capsules costing around $200,000 each to flight test ion 
engines, starting in 1962. Designed to power space vehicles by electri- 
cally charging atoms, five different types of ion engines are currently 
being developed. Four are for NASA and one for the Air Force. 

Between 1962 and 1965, some 14 flight tests are slated to increase grad- 
ually the size of ion engines up to a 60-kilowatt engine to be used for 
interplanetary space experiments. 

Most of the first seven ion space capsules will be used in ballistic flight 
tests using a Scout launching vehicle. First engines to be tested are a 
cesium fueled engine under development by Hughes Research Laboratory 
and a mercury fueled engine being developed by NASA’s Lewis Research 
Center. 

Ion engines may be used to keep commercial communications satellites 
in programmed orbits to extend their useful life and cut operating cost. 
New recommendations on ownership of such a system have been sent to 
the White House by Vice-President Johnson’s Space Council. 


WHITE HOUSE sources say the Space Council spelled out in more detail 
than has been done before just what areas of the world must be serviced 
by a commercial satellite system. Primarily, this was expanded to include 
such areas as Africa and South America where the economic returns will 
not be as immediate as servicing Europe, for example. 

Private ownership is still considered the first choice of the Administra- 
tion for the system. But, it is now up to industry to say whether it will 
meet the government servicing requirements. Thinking is that an ad hoc 
industry committee will be formed soon to study the matter and come back 
to the Administration with an ownership proposal. 


WESTERN ELECTRIC, General Electric, North American Aviation, Boeing, 
The Martin Co., RCA and United Aircraft Corp. have signed agreements 
with the government to bar racial or religious discrimination in employ- 
ment. The companies will set up formal programs to push efforts to pro- 
mote equal employment opportunities. The agreements, signed with the 
President’s Committee on Equal Employment Opportunity, stem from 
Washington’s intensified drive to wipe out job bias on defense projects. 


WITHIN THE NEXT WEEK OR SO, the Weather Bureau will decide if it can 
technically maintain two meteorological satellites in orbit at the same 
time. The recent success in putting the Tiros III into a near circular 
425-mile-high orbit forces a decision on whether Tiros II should be com- 
manded to cease transmitting. The reason: communication interference 
and inability to handle the volume of data. 

The two satellites are orbiting 180 degrees apart, thus providing full 
coverage in both the northern and southern hemispheres. This is highly 
desirable during the forthcoming hurricane season. 
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OUR 
SPECIALIZED 


If you have special requirements in digital data handling equipment, format conversion, special 
purpose computers or airborne and ground timing systems . . Temco Electronics can deliver any 
part or all of the system with speed and economy. MM The digital equipment design section of 
Temco Electronics has already developed printed circuit cards that meet 95% of all standard 
digital requirements. Remaining circuits can be provided with a minimum of design effort and 
time. All of these logic modules are designed and tested to meet or exceed MIL-E-5272 specifica- 
tions, through a temperature range of from 71°C to —55°C. [I Use of these pre-engineered, 
off-the-shelf ‘building blocks’’. . plus quick reaction capabilities, wide range of experience and 
talent... gives Temco a significant head-start in producing equipment for your special needs. For 
quick action on your inquiries, write or call Temco Electronics today. 


[oF binc-remco ELECTRONICS, INC. 


TEMCO ELECTRONICS DIVISION +* DEPT. 221N * P.O. BOX 6191 * DALLAS 22, TEXAS 
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SCOTCH® BRAND MAGNETIC INSTRUMENTATION TAPES 
OFFER A RIGHT TAPE FOR EVERY APPLICATION 


Knowledgeable tape users realize that magnetic tapes are 
not all alike—that it takes specific constructions to meet 
the needs of specific applications. And they’ve learned to 
rely on “SCOTCH” BRAND to supply the one right tape for 
each application. Not only does “Scotcu” BRAND offer a 
complete line, it offers that something extra that makes all 
the difference in performance—the uniformity and reli- 
ability that result from 3M’s experience, technical skill, 
and continuing research. Make the “Scorcu” BRAND label 
your guide in buying instrumentation tapes. Your 3M 
Representative is close at hand in all major cities—a con- 
venient source of supply and information. For details, 
consult him or write Magnetic Products Division, 3M Co., 


St. Paul 6, Minnesota. ® 1961, 3M Company 


LE >>», 
Minnesota [finine ano ]/fanuractrurine company % 
¥ 
«++ WHERE RESEARCH IS THE KEY TO TOMORROW SS 
> 


The wide “SCOTCH” BRAND line provides many tapes, including these 
broad classifications: 

SANDWICH TAPES 488 and 489—exclusive with “SCOTCH” BRAND, of- 
fering 30 times the wear of standard tapes, drastic reductions in head 
wear, elimination of oxide rub-off. In standard or extra-play lengths. 
HIGH RESOLUTION TAPES 458 and 459—offering superior resolution in 
high frequencies, greater pulse density in digital recording. In stand- 
ard and extra-play lengths. 

HEAVY DUTY TAPES 498 and 499—offering exceptional life, good 
resolution, high resistance to temperature and humidity, reduction 
in the build-up of static charge. In standard and extra-play lengths. 
HIGH OUTPUT TAPE 428—offering top output in low frequencies. 
Performs well even in temperature extremes. 

STANDARD TAPES 403 and 408—offering the good all-round per- 
formance at low relative cost which has made them the standards 
of the instrumentation field. 


ss, “SCOTCH” BRAND MAGNETIC TAPES FOR INSTRUMENTATION 


i = 


“SCOTCH” and the Plaid Design are registered trademarks of 3M Company, St. Paul 6, Minnesota. Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario. 
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Get valuable information on advanced measuring techniques 


APPLICATION NOTES 


yours without charge, without obligation 


Hewlett-Packard Application Notes, covering a wide variety of sub- 
jects, include both theoretical and “how to do it” information. They 
are composed of information derived from the experience of # engi- 
neers both in general areas of measurement and in solving specific 
measurement problems. Many interested readers have found Appli- 
cation Notes useful in the past. You may find them helpful, too. 


Check this partial list of titles: 


# 2 Frequency Measurement of Low-Level Signals, up to and above 
12.4 GC 

# 6 Homodyne Generator Detection System, to measure attenua- 
tion, rf leakage, antenna patterns, etc. 

#15 Distortion and Intermodulation 

#36 Sampling Oscillography 

#42 Applications of 416A Ratio Meter, reflectometer techniques 

#43 Continuous Monitoring of Radar Noise Figures 

#44 Use and Usefulness of the 185A 1,000 MC Oscilloscope (44A, 
Synchronizing the 185A; 44B, Pulse Analysis; 44C, Component 
Switching Speed Characteristics Measurement) 

#48 Applications of the 218A Pulse and Delay Generator 


#50 How to Make VLF Frequency Comparison Measurements with 
Standard Laboratory Equipment 


#52 Frequency and Time Standards 


ADVANTAGES OF SINGLE CYCLE OPERATION (OA3). 8 shown by the darted lines in Figure 6 and 





Other Application Notes cover such subjects as measuring FM 
signals, measuring rf pulse carrier frequency, microwave spectrum 
synthesis, waves on transmission lines, square wave and pulse test- 
ing, measurement of cable characteristics, instruments for trans- 


ducer applications. The Application Notes Index gives a complete 
Car eee Ee listing. 
> ~_ Fill in and mail the attached post card for Application Notes of 
ef interest to you, or for a complete list of titles. 





| 
00m 
a 








= a 
= 


First Class 
Permit No. 201 
Palo Alto, Calif. 
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side of this —Postage Will Be Paid By— 


Hewlett-Packard Company 
Department A 

1501 Page Mill Road 

Palo Alto, California 
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Engineers in electronics 
and allied fields are invited 
to join the roster of 


regular readers of the 


bp) JOURNAL 


published throughout 


the year, presenting 


factual reports on new 
measurement techniques, 


new instrumentation. 


TYPICAL SUBJECTS 


e@ Improved sweep frequency techniques for broad band microwave testing 

e@ Square wave and pulse testing of linear systems 

e Effect of y-circuit non-linearity on the amplitude stability of RC oscillators 

e A new frequency counter plug-in unit for direct frequency measurement to 510 MC 
@ Two versatile new power supplies for high power semiconductor work 

e@ An improved method for measuring losses in short waveguide lengths 





YOURS WITHOUT CHARGE Just check box in white area on card below and mail. 


Please send these APPLICATION NOTES: 
[ #2, [ #6, [_] #15, [] #36, [_] #42, [(_] 443, [] #444, [] #448, 


[| #44C, [ | #48, [] #50, [ ] #52, [] Complete Index 


[] Put me on the mailing list for the @ JOURNAL 


[ ] Inform my # representative that | would like to receive the new 1961 # general catalog. Now available! The new 1961 hp 
catalog giving complete informa- 
tion on the more than 400 preci- 

_— _— sion electronic instruments man- 

ufactured by Hewlett-Packard. 

Just contact your nearest 4p rep- 

resentative for your copy — or 

Address check the appropriate box on the 
postcard. 








Company Bidg. or Mail Sta. 
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TRAVELLING WAVE TUBES 


@ used in communication 
networks in 18 different countries 


@ several types suitable for use 
in S-band radar equipment 


5 ey 





Circuits R.F. |Frequenc 


- ‘ Range 
Available Connection Gc/s 





W5/1G/ Special | Periodic Permanent Waveguide 5.8—7.15 
Flying Magnet or Aluminium *(5.0—8.0) 
Lead Foil Solenoid 








W7/3G/ Special | Periodic Permanent Waveguide} 3.6—4.2 
Flying Magnet or Aluminium 
Lead Foil Solenoid 





W7/4G/ Special | Periodic Permanent Waveguide 
Flying Magnet 
Lead Coaxial 
W9/1E | Special | Aluminium Foil Coaxial 
B9A Solenoid or 

Permanent Magnet 








W9/2E | Special | Aluminium Foil Coaxial 2.5—4.1 
B9A Solenoid 





W9/3E | Special | Aluminium Foil Coaxial 2.5—4.1 
BSA Solenoid 


W10/3E) Copper or Waveguide 2.7—3.3 
Special | Aluminium Foil 23 
B9A Solenoid Coaxial 2.8—3.7 



































* Bracketed frequency limits indicate extension or range for reduced performance. 


ome | Orandard Telephones and Cables Limited 


ey LiL 
GROUP Registered Office: Connaught House, Aldwych, London W.C.2 Tit = 
VALVE DIVISION: FOOTSCRAY SIDCUP KENT 
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HEART OF THE 
CIRCUIT 



































PRECISION 


POTENTIOMETERS 


WIRE WOUND — CONDUCTIVE PLASTIC S: 


Whatever your potentiometer require- 
ment may be, N.E.I. has the answer. 
Since we produce both wire wound and 
conductive plastic types our engineers 
can impartially evaluate your problem 
and come up with the proper solution. 
CONDUCTIVE PLASTIC 
... AND GENERAL ELECTRIC WILL HELP YOU @ Infinite ee 
@ Unsurpassed reliabilit 
CHOOSE THE EXACT IRON YOU NEED ‘Guedes wile teed 
. ™ @ St i |. 
Whatever your soldering requirements may be—from nenage hae gee 
complex miniature electronic sub-assemblies to heavy-duty ond 20k 0 5 east 
industrial uses—one of the high-speed soldering irons in Oncciots ‘in 500 os 
General Electric’s complete line will do the job. The “eg 1 mescha— 0.19 
G-E irons shown above include (left to right): linearity ° Pre 
MINIATURE for production-line soldering of sub-miniature ® Single or multigang 
assemblies. ; , : construction. 
MIDGET for pinpoint soldering of hard-to-reach joints. WIRE WOUND 
EXTRA HEAVY-DUTY for industrial high-wattage soldering. @ Meet performance specs of MIL5272A, and NAS710 and 
LIGHTWEIGHT for soldering of most electronic components. applicable portions of JANR-19 
INDUSTRIAL for general industrial soft-solder applications. @ Maintain excellent characteristics from —55°to 150°C 
For expert assistance in choosing the exact iron you need . ae g 
: an ’ e \ 10 ¢ to 3 
contact your General Electric distributor or local G-E e se pon ge nga tw cate designs 
Apparatus Sales Office; or write Section 758-03, General fr 25 ohm to 250K 7 
Electric Co., Schenectady 5, N. Y. ietey pel P 3 
@ Single or multigang construction. aN 


Progress /s Our Most /mportant Product SEL SEND FOR COMPLETE CATALOG 


GENERAL QQ) ELECTRIC New England, rstiumest; Company 
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TEMCO AEROSYSTEMS 


DEPOT LEVEL MAINTENANCE 


For almost a year the C-133 Cargomaster has received complete depot level maintenance at Temco 
Aerosystems. Accommodation of the gigantic aircraft .. largest Air Force 4-engined turboprop cargo trans- 
port in service. .tells Temco Aerosystems’ size story, both in capabilities and physical installation. Long 
one of SAC’s principal maintenance depots for the Command’s tanker fleet, Temco Aerosystems’ selection 
by the Air Force to perform PARC on the MATS C-133 is further recognition of its across-the-board 
capabilities in the field of complete depot level maintenance. ™@ Because of this division’s systems 
integration, installation and flight testing capabilities, and electronic systems development, it has been 
the choice for work in several fields. The current conversion of a C-130 into a down range missile tracker 
for Cape Canaveral is a case in point. Another is the conversion of a C-130 into an airborne ECM laboratory 
for White Sands. Through the union of basic airframe and electronic capabilities Temco Aerosystems has 
established a major position as a versatile and efficient producer, economical and on time. 


By 


LING-TEMCO ELECTRONICS, INC. 


TEMCO AEROSYSTEMS DIVISION + P.O. BOX 1056 + GREENVILLE, TEXAS 
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The industry$ most thoroughly characterized and 
medium power silicon Mesa transistors...2N49/A, 








238 MW INTERMITTENT LIFE TEST AT 150°C 
MAX. 2042 AMPS 
SAMPLE = 20 PCS. 


1.02 W INTERMITTENT LIFE TEST AT 25°C 
MAX. 204 AMPS 
SAMPLE #20 PCS, 


90th PERCENTILE 








90th PERCENTILE 





SOth PERCENTILE 





T SOth PERCENTILE 
{Oth PERCENTILE 





a 


Oth PERCENTILE 








Tego (MICRO-AMPERES) 
Icpo (MICRO- AMPERES ) 















































2 4 =o 2 


4 
THOUSAND HOURS OF TEST 


THOUSAND HOURS OF TEST 








238 MW INTERMITTENT LIFE TEST AT 150°C | | | 
SAMPLE = 20 PCS. — 


90th PERCENTILE 1.02 W INTERMITTENT LIFE TEST AT 25°C 
SAMPLE®#20 PCS. 


1 
90th PERCENTILE 














SOth PERCENTILE 

50th PERCENTILE T 

—_! T 1Oth PERCENTILE 
{Oth PERCENTILE 























} 90 th PERCENTILE 

i 90th PERCENTILE 
SOth PERCENTILE 

it i 
































(e] ik LE 50 th PERCENTILE 
PERCENT 
; . 4 iO th | 
2 


2 4 6 
THOUSAND HOURS OF TEST THOUSAND HOURS OF TEST 
































Absolute Maximum Ratings (25°C) 


Voltages 
Collector to Base 
Collector to Emitter 
Emitter to Base 


Temperatures 
Storage — 65 to 200°C 
Operating Junction — 65 to 200°C 
Total Dissipation 
Free Air @ 25°C — 1 watt* 
Case Temperature @ 25°C — 5 watts** 


*Derate 5.72 mw/°C increase in ambient temperature above 25°C 
**Derate 28.6 mw/°C increase in case temperature above 25°C 


Electrical Characteristics (25°C) unless otherwise specified 


D-C Characteristics 2N497A 2N498A 2N656A 
Min. | Max. Min. Max. Min. . Max. 
Collector to Base Voltage 
(Ic= 100 pa, le=0) 60 60 
Collector to Emitter Voltage 
(Ic=250 pa 60 60 
Collector to Emitter Voltage 
(Ic= 16 ma) 60 60 
Collector to Emitter Voltage 
(Ic=10 ma) 
Emitter to Base Voltage 
(le= 250 pa, Ic=0) 
Forward Current Transfer Ratio*® 
(lc=200 ma, Vce= 10V) 36 
Base Input Resistance* 
Is=8 ma, Vce= 10V) 200 
Saturation Resistance* 
(Ig= 40 ma, Ic = 200 ma) rce (sat) 10 


Cuto# Characteristics 





Collector Current (le=0, Vcs=30V) Ico 10 
Collector Current (High Temperoture) 


(le=0, Vce=30V, TA= 150°C) 250 
*Pulse Test: 300 usec. 2% Duty Cycle 





























Specifications also available for 2N497,498, 2N656,657 mesa transistors 
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tested 
98A, 2N656A, 5/A...come from General Electric 


Getter and 
buffer for long 
term stability 


Retaining 
ring 


Parallel-strip 
mesa 
junction 








All assembly is done on a super-clean, super-reliability line similar to that 
which produces transistors for missile applications. 


Positive internal atmospheric control achieved through the use of General 
Electric’s buffered-sieve encapsulation technique, higher power dissipa- 
tion with lower saturation resistance and lower input impedance are impor- 
tant features of this line of top quality one to five watt audio switches. 
Especially well suited for either high level linear amplifier or switching 
applications, these are the industry’s most thoroughly characterized and 
tested medium power silicon double diffused NPN transistors available 


today. Just take a look at the extended life test charts illustrated for con- 


vincing evidence of long term stability and reliability. 


Semiconductor Products Department, Section 25G96, Electronics Park, 
Syracuse, New York. 

For fast delivery of medium power Mesa transistors at factory-low 
prices in quantities up to 999 call your G-E semiconductor distributor. 


Progress /s Our Most Important Prodvet 
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PILOT INSTRUCTIONS 


TEST 
DIRECTORS 
VOICE 


COMMAND AND 
ADVISORY DATA 


RANGE SAFETY 





Fig. 1—Major airborne communications and data link 


(CADL) users 
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Fig. 2—Glider test range instrumentation surface 
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Plans for Dyna-Soar’s Ground Net Revealed 


By JOHN F. MASON, 


Associate Editor 


DESIGNERS OF THE communications 
and data link (CADL) subsystem 
for Dyna-Soar, the manned orbital 
glider project (ELECTRONICS, p 26, 
Feb. 3), are meeting and solving 
new engineering problems. 

“Communieating with vehicles 
entering the earth’s atmosphere at 
hypersonic speeds (5,000 to 18,000 
mph) presents formidable  ob- 
stacles,” C. K. Law, project di- 
rector for the CADL subsystem, 
told ELECTRONICS at RCA’s Com- 
munications and Aerospace facility 
in Camden, N.J. 

“These problems are further 
complicated by the strict weight 
limitations for onboard gear,” Law 


said. “Also, the communications 


facilities for Dyna-Soar must be 
integrated with existing equipment 
in the already-crowded Atlantic 
Missile Range where the first 
missile-launched test flights will be 
made.” 

As associated contractor in the 
joint USAF/National Aeronautics 
and Space Administration project, 
RCA will provide surface-air-sur- 
face transmission facilities required 
by the Dyna-Soar glide reentry 
vehicle for radio communication 
and tracking. 

System contractor for the entire 
program is Boeing. Martin is as- 
sociate contractor for the Titan II 
booster; Aerojet General for the 
propulsion units; and Minneapolis- 
Honeywell for guidance and naviga- 
tion. 


To date, RCA has named two 





AS FOR FUNDS ... 


THE HOUSE VOTED $185.8 million in fiscal year 1962 “available only for” 


the Dyna-Soar program. 


A plan called Project Streamline will ac- 


celerate the program by three years and save $300 million. 


The speed-up is based on two major program changes: 


(1) use of 


the Saturn booster to place the glider in orbit (Boeing says Titan II 
can’t push glider into orbit); and (2) substituting in the early flights 
available subystems for some of the more complex subsystems that 
are to be developed for Dyna-Soar later. 

The cost savings, according to the House report, will result because: 
“When a development program is pursued at a less than optimum pace 
costs mount up. Personnel are on the payroll for a longer period of 
time and minor changes are multiplied.” 

Streamline proposal now goes to the Senate 


principal subcontractors: Radia- 
tion, Inc. to design and develop 
antenna systems—for communica- 
tions tracking and telemetry; and 
Sprague Electric, responsible for 
radio interference environment 
control. 

RCA’s $24 million contract 
covers work for Step I only of the 
three-step Dyna-Soar program. The 
first step calls for air drops from 
a B-52 at Edwards AFB. This will 
be followed by unmanned and 
manned launches from Cape Ca- 
naveral, Fla. 

At Edwards AFB, RCA will in- 
stall enough equipment to handle 
communications, tracking and data 
link only for what would normally 
be the terminal phase of the glid- 
er’s flight. For the unmanned, and 
later manned Titan-boosted sub- 
orbital flights, the Atlantic Missile 
Range will require from eight to 
11 sites—up to four of which might 
be on ships. 

Besides new gear to be developed 
by RCA, existing range equipment 
will be used plus possibly some gear 
provided by the National Aero- 
nautics and Space Administration 
for Project Mercury. 

Conceivably, some of Mercury’s 
global net (ELECTRONICS, p 30, Oct. 
7, 1960) will be used for Dyna- 
Soar—point-to-point |communica- 
tions, data processing and track- 
ing radar. Ultimately, a vehicle like 
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Dyna-Soar will not need a network 
to monitor its flights. The guidance 
subsystem and pilot will achieve 
sufficient autonomy to accomplish 
unaided reentry and landing. 

Information the CADL system 
will communicate to the surface 
originates with the transducer and 
conditioning system built by Boe- 
ing. This is passed on to the Test 
Instrumentation System (TIS) to 
be built under a Boeing subcontract 
by Electro-Mechanical Research 
Inc. 

CADL handles six general classes 
of telemetry data. One is flight 
safety data and the remaining five 
are test and scientific data (see 
Fig. 1). 

Besides data from TIS, the 
CADL also transmits pilot voice 
messages. 

The CADL also provides surface- 
to-air communication of the test 
director’s voice (intended for the 
pilot) and digital command data. 
The pilot carries an emergency vhf 
voice system and a beacon in the 
event he must leave the vehicle. 

The CADL surface elements con- 
tain the complements to the air- 
borne elements (see Fig. 2). The 
transmitted signals are received by 
tracking antennas, demodulated by 
low noise receivers, converted to 
vhf, amplified and sent by coaxial 
cable to four vhf receivers at each 
site. 

The demodulated subcarriers are 
routed via the data transmission 
subsystem to decommutators, sub- 
carrier discriminators, and demul- 
tiplexers in the TIS. Demodulated 
pilot voice signals are fed into the 
voice network for distribution. 

A communications console dis- 
plays the operational] status of the 
receivers, transmitters, multiplex- 
ers, and antennas and provides 
manual override of the automatic 
fail-over switching for redundant 
elements. The tracking console 
monitors antenna tracking per- 
formance, selection of tracking 
signal, and controls for manually 
assisting automatic signal acquisi- 
tion. The tracking antenna must 
pick up the glider within 30 seconds 
after it rises above the horizon (or 
about two degrees altitude above 
the horizon). 

In addition to communications 
tracking, radar for skin or beacon 
tracking, such as FPS-16 and pos- 
sibly the FPQ-6, will be used. 
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Because of the glider’s weight 
limitations, surface elements of 
CADL use high gain transmitting 
and receiving devices, narrow beam 
antennas, high powered transmit- 
ters for the surface-to-air link and 
low-noise receivers for air-to-sur- 
face link. 

Special communications problems 
for Dyna-Soar which result from 
the vehicle’s hypersonic speeds are 
the creation of high skin tempera- 
tures which produce ionized shock 
waves. 

A big problem for the entire Dy- 
na-Soar program is to develop ma- 
terials to withstand extreme tem- 
peratures. The glider antennas are 
mounted flush with the glider skin 
and must withstand several thous- 
and degrees F. 

To prevent the high skin tem- 
peratures from passing through 
the metallic portions of the r-f con- 
ductors to the terminals inside the 
vehicle, thermal] isolation is re- 
quired. This results in some radio 
energy absorption. Another source 
of loss is the dielectric window used 
to heremetically seal, while passing 
r-f energy. 

“High temperature dielectrics in 
the antenna and in the thermal 
barrier will absorb between 20 and 
30 percent of the r-f signal,” ac- 
cording to L. B. Garrett, CADL 
systems engineering leader. 

“The worst offender in the 
glider,” Garrett said, “appears to 
be the metallic components them- 
selves. Materials capable of provid- 
ing adequate structural integrity in 
the temperature environment have 
a conduction loss for both reception 
and transmission approaching 40 
percent. 

“Received energy is further de- 
graded by electromagnetic noise 
energy emitted by the heated metal- 
lic and dielectric materials. The 
glider radio receiver desensitiza- 
tion caused by such noise can result 
in a loss up to 60 percent of the 
ground transmission captured by 
the glider antenna.” 

The’ biggest communications 
problem in the Dyna-Soar project 
is to get through the ionized shock 
wave that envelopes the glider dur- 
ing reentry into the earth’s atmos- 
phere. The high speed of the glider 
compresses and heats the otherwise 
cool low-pressure gas forming an 
electrostatic sheath around the ve- 
hicle. This sheath attenuates radio 


signals in certain bands. Uhf, for 
example, may be totally blacked 
out. 

The electron density of the 
sheath, or resonant frequency, 
varies with the glider’s altitude, 
attitude, velocity and area of the 
glider itself. The worst angle is 
head-on; the best is at 90 degrees. 

Although there is little data on 
sustained communications during 
reentry, commuter runs of simu- 
lated trajectories indicate that su- 
per-high frequencies will penetrate 
the sheath at all times. Shf fre- 
quencies are higher than the ion 
sheath resonant frequencies and 
lower than the band absorbed by 
the atmosphere. 

The problem is economic, Law 
said. There is a limited amount of 
tube development at these shf fre- 
quencies. The Atlantic Missile 
Range, for example, is_ instru- 
mented for uhf. There is also the 
problem of effects of subsystem 
equipment on other gear within the 
glider. 

There could be some unexpected 
problems, Law said. No one knows 
precisely what will happen during 
an actual reentry flight. There could 
be distortion, noise generation or 
multipath signals. The sheath prob- 
lem is important in the Dyna-Soar 
projects since the glider may well be 
enclosed in this ionized envelope 
throughout the entire mission. 


Automatic Wiring 





Circuit modules for General Elec- 
tric Ordnance Dept.’s Mark 84 Po- 
laris fire control system are manu- 
factured by new machine 
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Closely - Defined Magnetic Field 
Measures Wear On Metal Surfaces 


By F. H. BAER, 


McGraw-Hill World News 


BUDAPEST—International Measure- 
ment Conference (IMEKO) held 
here recently aimed to improve 
technical information exchange. 
Observers had mixed views on its 
success, but tell ELECTRONICS the 
event made an important stride by 
having its shortcomings spelled 
out. 

Among technical 
observed by 
meeting were: 

@ Metal surface wear method, 
using  closely-defined magnetic 
field principles, described by H. 
Macura, Poland. 

e Electronic measuring potenti- 
ometer using strain gages. This 
was described by T. Kemeny of 
Hungary. 

@ Test bench for batch quality 
control of tubes, capacitors and re- 
sistors which will register batch 
quality on a digital voltmeter and 
include automatic feed. This was 
described by A. Ambrozy of Hun- 
gary. 

® Analog/digital converter 
tem for automatic power station 
control, described by C. Penescu of 
Rumania. 


developments 
ELECTRONICS at the 


sys- 


@ Nonelectric quantity measure- 
ment by simultaneous variation of 
capacitance and conductance. This 
was described by N. Rakoveanu, 
Rumania. 

@ Novel method of measuring a-m 
to p-m conversion and a-m compres- 
sion, by T. Sakarny, Hungary. 

The greatest obstacle cited this 
vear was the late delivery of lecture 
preprints and the almost insur- 
mountable language barrier. East- 
ern and western delegates agreed 
that too many papers had been 
chosen at random and lacked con- 
centration on important subjects. 
Lecture readings were overly 
lengthy at the cost of discussion 
time. 

On the positive side, delegates 
cited the increasingly international 
aspects of the event. The first 
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Budapest’s House of Engineering, 
site of this year’s second Interna- 
tional Measurement Conference 


IMEKO held in 1958 was organized 
for Eastern European countries 
only. This second one had 138 pa- 
pers read by men from 22 countries 
to 438 delegates from both East and 
West. 

The nine-man U. S. delegation, 


headed by Harry Burke of the In- 
strument Society of America, 
praised the substance of some pa- 
pers although they said the content 
of some lectures did not get through 
to many in the audience. 

The U. S. industry delegation 
left Budapest with the intent to at- 
tend the next IMEKO. Unless an- 
other nation offers to play host in 
1964, the event again will be held 
in Budapest. Stockholm and Leip- 
zig reportedly are interested. The 
next conference will see 10-minute 
limitations on lectures and 20 min- 
utes on discussion time, as well as 
more communication among dele- 
gates. 

Main focus of this year’s confer- 
ence was on individual measure- 
ment results and novel instrument 
design. In general, papers steered 
away from any heavy discussion on 
design philosophy, industrial in- 
strumentation and measurement 
and economics. 

More than half the exhibit space 
was taken by Hungarian displays. 
Nine Western and four Eastern 
countries also displayed equipment. 
Some were prototypes, others were 
commercially available. 

IMEKO was established as a per- 


Digital System Runs Connector Test 





Digital voltmeter system (left) at Thomas & Betts Co. puts cable connectors 
through performance tests, eliminating manual monitoring and supervision 
(right). Device tests heating effects of high current loads 
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nanent organization with a 20-man 
steering committee. 


A-Powered Station Reads 
Weather Automatically 


SIXTY PAIRS of lead telluride ther- 
mocouples are arranged like spokes 
around the cylindrical heat source 
in the atomic-powered automatic 
weather station soon to be shipped 
to a barren location north of the 
Canadian mainland, where it will 
make possible year-round observa- 
tions. It is capable of transmitting 
over distances up to 1,500 miles. 

The unmanned station derives its 
power. from pellets of a_ stron- 
tium-90 compound which generate 
heat spontaneously by radioactivity 
decay. 

The heat is transformed directly 
into a continuous five watts of elec- 
tricity by the thermocouples con- 
nected in series to a single outlet. 
The electrical energy is stored in 
rechargeable batteries until time 
for transmission—every three 
hours. 

The station was designed and 
built for the Atomic Energy Com- 
mission by the Nuclear division of 
the Martin Company in Baltimore. 

Temperature, wind speed and 
barometric pressure are received 


from the automatic device by radio. - 


Using More Electronics 
For Medical Diagnosis 


MORE ELECTRONICS are slated to be 


used for medical diagnosis. The 
Public Health Service will soon be- 
gin a two-part research program 
aimed at developing a system 
where electrocardiographic wave 
forms can be programmed through 
a computer to convert them for 
clinical use. 

A nine-month feasibility study 
of the system has just been com- 
pleted with good results. The first 
phase of the program will concen- 
trate on developing a_ practical 
method of measuring the electro- 
eardiographic waveforms. 

The second part of the program 
consists of programming this in- 


formation through computers so‘ 


that it can be used by physicians. 
The program will take about two 
years to complete. 
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have you tried BIRD? 
EEE ED AE ME OR 


READ 
RE WATTS 
DIRECTLY 


‘Voaw everyone who measures 
RF power in coaxial systems wants 
the answer in watts. The BIRD 
Model 43 THRULINE reads watts! 








Connect the Model 43 between 
transmitter and antenna or load. 
The meter reads RF power 
directly. Measure forward or 
reflected power instantly. 





No calibration charts. No adjust- 
ments. No calculations. No 
auxiliary power. 


Plug-in elements are used to cover 
2 to 1000 mc, and powers to 
1000 watts. 


BIRD Quick-Change (QC) Connectors 
eliminate adapters. Any 

standard series of coaxial line 
fittings may be accommodated. 





Write, TWX or call us for complete 
specifications on the Model 43 and 
other BIRD products. 


Price: 


Instrument only ... . $95.00 each 
Plug-in elements . . . . $30.00 each 
FOB, Factory BIRD Model 43 


Thruline Wattmeter 
© eee 


ELECTRONIC CORPORATION 
30303 Aurora Rd., Cleveland 39 (Solon), Ohio 
CHurchill 8-1200 TWX CGN FS 679 
Western Representative: 


VAN GROOS COMPANY, Woodland Hills, Calif. 
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Soviet Electronics? All’s NOT Well 


moscow—Soviet scientists this 
week are claiming great strides in 
electronics and automation. They 
are, however, under new orders 
from the Kremlin to narrow the 
gap between scientific discovery 
and practical application. 

At the _ recently-held 
conference of scientific workers 
here, the new president of the 
USSR Academy of Sciences, M. V. 
Keldysh, claimed: “The principles 
of radar were first advanced and 
introduced in our country in the 
1930’s.” Other speakers pointed to 
Soviet space successes as examples 
of how advanced the USSR is in the 
field of automation. 

Despite these and other positive 
statements, however, deputy pre- 
mier Alexei Kosygin flatly told an 
audience of some 2,000 scientists 
and administrators there is a seri- 
ous Soviet lag in the sphere of semi- 
conductors and a number of areas 
of radio electronics. He also cited 
a need for more progress in appli- 
cations of electronic computer de- 
vices. 

Some other sore 
ticked off by Keldysh: 

@In 1954 a new principle was 
evolved in the USSR for using 
semiconductor devices as nonlinear 
capacitors. Yet, the Soviets started 
working on improvement and uti- 
lization of the devices only after 
the foreign press reported about 
their use in parametric amplifiers. 

@ At a number of Soviet enter- 
prises introduction of automation 
is being retarded because of inade- 
quate coordination between design- 
ers of factories, machines and con- 
trol systems. 

®Too much duplication in re- 
search has created one situation in 
which some 150 establishments are 
elaborating on digital program- 
ming control systems with the main 
attention usually directed not at 
elaborating operational sequences 
for automatic control but at creat- 
ing computers which are often sim- 
ilar in design. 

e By contrast, other areas of re- 
search, such as cybernetics, are re- 
ceiving insufficient attention. 

e Supply of scientific instruments 
and equipment is unsatisfactory. 


all-Union 


spots were 
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Scientific organizations devise a 
number of instruments in the proc- 
ess of research but many of them 
never reach other users who could 
benefit from them. 

e Test installations are not prop- 
erly organized and utilized. In a 
number of cases when institutes 
lack experimental equipment, inves- 
tigations are not completed. At 
times a number of different insti- 
tutes build similar test installations 
which are not loaded to capacity, 
rather than having available large 
concentrated establishments which 
could cater to the needs of other 
research and design bodies. 

These and other comments indi- 
cate that government and party 
leaders feel Soviet research and de- 
velopment programs have suffered 
from too little coordination and 
guidance and that the USSR Acad- 
emy of Sciences has dispersed its 
energies in too many directions. 

Because of this situation, the 
Academy will turn over half its in- 
stitutes to other bodies in order to 
concentrate on vital research areas. 


Also, it will advise the newly estab- 
lished State Committee for the Co- 
ordination of Scientific Research. 

The Committee, which replaces 
the State Scientific and Technical 
Committee, will have responsibility 
for coordinating research, provid- 
ing cross-flow of information and 
drawing up unified state plans for 
scientific research. 

The unified plan, according to 
Soviet spokesmen, includes three 
sections: major problems still in 
the experimental design stage (such 
as automation); long-range inves- 
tigations directed at solving al- 
ready defined problems (such as 
thermonuclear fusion, thermoelec- 
tric conversion and others) ; funda- 
mental research. 

The last is described by the Com- 
mittee as extremely difficult and 
requiring handling by the most 
qualified experts in the country to 
avoid wasted effort in areas that 
won’t pay off. Group suggests re- 
search in high energy physics, cy- 
bernetics, nuclear physics, etc. 

Keldysh outlined several areas as 


Air Force to Upgrade Interceptors 


Convair’s F-102A (above) and F-106A, McDonnell’s F-101B will get some 
or all five modifications: ir search and track for low altitude, redesigned 
radar antenna, ecm capabilities, parametric amplifier. All three jets carry 
Hughes Falcon missiles and 200-box armament control system above 
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a full range 

o) i) 4-1 
30-day deliveries 


DE MORNA 


D-B supplies ferrite isolators covering a range from 2.6 to 
18.0 kme. Units will soon be available to 140 kme. All units 
in the line have the following high-performance features: 
High isolation—a minimum of 30 db at X Band, and 24 db at 
Ku Band. 

Low insertion loss—a maximum of 1.0 db in all sizes. 
DeMornay-Bonardi isolators are resonance absorption type 
units, employing a low-loss ferrite developed especially for 
this application. 

Low VSWR—a maximum of 1.15 in either direction. 

Short insertion lengths—only 57%” in X Band size. 

Complete data in Bulletin DB-480. 

Other ferrite units manufactured by DeMornay-Bonardi 
include: Frequency Converters, Circulators, and Harmonic 
Rectifiers using unique D-B ferrite compounds. 


i 


-a reliable 
Supplier 


As the oldest manufacturer of 
microwave equipment, we have 
the talents to design reliable 
instruments...the skills to 
manufacture them, and the 
complete equipment for check- 
ing and calibration. You’ll find 
deliveries prompt now at D-B, 
and, as always, every instru- 
ment backed by a firm replace- 
ment guarantee. 


DE M ORNAY- BONAR DI 780 South Arroyo Parkway, Pasadena, California 
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ANTENNA 
STRAIN 
INSULATOR 


The Lapp porcelain rod insulator 


shown at the top of the illustration | 


develops 12,000 Ib. strength, and is suitable 
for the most severe electrical and mechanical 
duty. It is available with rain shield andjor 


num alloy. Smaller insulators, in porcelain of 


steatite, are suited to lighter duty for strain 





or spreader use. Lapp engineering and produc- 


tion facilities are always ready for design and 





manufacture of units to almost any perform: 
ance specification. Write for Bulletin 301, 
with complete description and specification 
data. Lapp Insulator Co., Inc., Radio Special- 
ties Division, 181 Sumner Street, LeRoy, N. Y. 
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corona rings. All hardware is silicon alumi- | 





Soviet ... 


fundamental. Among them was 
automation. He called for wide- 
scale development of automated 
production processes, with special 
attention to self-tuning and self- 
learning systems. He said atten- 
tion must be paid to using such con- 
trol systems over long distances on 
earth as well as in space. He also 
called for more work in nuclear 
physics and thermoelectric conver- 
sion. 

In radio electronics, the Academy 
head asked for greater miniaturiza- 
tion and reliability, utilization of 
shorter wave ranges that would 
make it possible to transmit large 
amounts of information through 
waveguides, and concentration of 
radiation streams in narrow beams 
with moderate-sized antennas. 

He said this would open up great 
opportunities for radio location, 
radio navigation and communica- 
tions over even cosmic distances. 
He told the conference still greater 
opportunities are promised in the 
infrared and optical wave ranges, 
and added that the solution of prob- 
lems in these ranges is of vast im- 
portance to the development of 
quantum mechanical generators and 
optical range amplifiers. 

Developing this topic, acamedi- 
cian Lev Artsimovich said so-called 
atomic radio stations should be able 
to produce a beam of electromag- 
netic lightwaves able to transmit 
for billions of miles. 


Government to Explain 
Undersea Gear Needs 


AN INDUSTRY CONFERENCE will be 
held August 14-15 in Washington, 
D. C. The government will lay out 
electronic instrumentation require- 
ments for underwater research. 
Over the next decade, an estimated 
$4 to $5 billion will be spent by the 
federal government in this field, 
including oceanography and Navy’s 
antisubmarine warfare program. 

A survey is being made now on 
instrument requirements for un- 
dersea research by the Interagency 
Committee on Oceanography of the 
Federal Council for Science and 
Technology. 


electronics 
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Infrared tracking system on USAS American Mariner seeks ir emitted 


by reentering missile. 


Joystick on pedestal manually aims instrument 


at start of test. Servos lock on when target enters field of view 


Infrared System Tracks Missile Reentry 


OPTICAL TRACKING system installed 
on the new USAS American Mari- 
ner floating laboratory tracks mis- 
siles by detecting infrared radia- 
tion emitted during reentry. Ship is 
conducting extensive reentry re- 
search as part of the Downrange 
Antimissile Measurements  Pro- 
gram. 

System was developed by Army 
Rocket and Guided Missile Agency 
and modified for shipboard use by 
Barnes Engineering Co. 

Tracking system includes an op- 
tical head, servo driven pedestal 
and associated amplifiers and con- 
trol units. Infrared radiation is 
collected by a mirror system in the 
optical head and focused on an in- 
frared detector. 

A manually operated joy stick 
points the instrument in the gen- 
eral direction of the reentering mis- 
sile; the servo system takes over 
when the target enters the tracker’s 
field of view. Incoming radiation is 
encoded by a rotating reticle 
mounted just ahead of the detector. 
Alternate clear and opaque spokes 
on the reticle frequency modulate 
the beam adding information on 
radial and angular target position 
with respect to the center of the 
control head. 

Detector output is amplified and 
discriminated, and positional infor- 
mation is converted to elevation and 
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azimuth error signals. These sig- 
nals are amplified and fed to servo 
system to keep the tracker centered 
on the target. 

The tracker pedestal may be 
slaved to other optical instruments 
to keep them pointed at the missile. 


Computers, Bionics 
Get NEC Billing 


SYNNOETICS, new computer science, 
will be discussed by a panel at the 
17th Annual National Electronics 
Conference Oct. 9-11 in Chicago’s 
International Amphitheatre. 

A workshop equipped with sev- 
eral operating computers will up- 
date delegates on state of computer 
art. Improved transistor neuron 
models and speech recognition by 
analog neural networks will be part 
of four-paper session on bionics. 
There will also be a three-day tu- 
torial workshop on computers. 

Total of 85 papers will cover new- 
est electronic development areas 
from multiple sessions on antennas, 
low-frequency solid-state amplifica- 
tion and solid-state devices and 
circuits through optical communica- 
tions—including papers on applica- 
tions of masers and lasers—to pa- 
rametric devices and techniques and 
space communications. 


SELECTIVE 
Gas-Damped 


SENSITIVITY 








GENISCO 


GMB SERIES 
ACCELEROMETERS 


for airborne applications 





@ CONSTANT DAMPING 


@ POTENTIOMETER PICKOFF 
OR SWITCH CONTACTS 


Genisco’s GMB Series Accelerometers 
feature the advantages of gas damping 
which remains constant over wide tem- 
perature ranges for extreme ——- and 
ce yrs hese units are ruggedly de- 
signed and constructed to operate reliably 
under conditions of high vibration and 
shock. The GMB Series Accelerometers 
are hermetically sealed units, available 
with either precision potentiometer pickoff 
or — contacts ... Standard or custom 
models. 


( yenisco 


2233 Federal Ave., Los Angeles 64, California 
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MOR eee Warnes?” ae een eee 


| SPRAGUE 

| PIEZO- 
ELECTRIC 
CERAMIC 
ELEMENTS 


2) 


ELEMENTS 
FOR ALL 
APPLICATIONS 
= AS WELL AS 
COMPLETE 
TRANSDUCER ASSEMBLIES 
FOR MOST APPLICATIONS, 
SUCH AS UNDERWATER 
SOUND AND 
VARIOUS ORDNANCE AND 


MISSILE gee | 


rs 


Sprague-developed mass production 
and quality-control techniques assure 
lowest possible cost consistent with 
utmost quality and reliability. Here 
too, complete fabrication facilities 
permit prompt production in a full, 
wide range of sizes and shapes. 
Look to Sprague for today’s most 
advanced ceramic elements — where 
continuing intensive research prom- 
ises new material with many proper- 
ties extended beyond present limits. 


: YOUR INQUIRIES 
% ARE INVITED 


= 


5 Ee) WRITE FOR 
= = LITERATURE 
SPRAGUE ELECTRIC COMPANY 


35 Marshall Street, North Adoms, Mass. 


SS 


THE MARK OF RELIABILITY 
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Antenna Includes Data-Processing 


4 DATA-PROCESSING antenna system 
-that does not use an increase in 
aperture size—has been developed 
at Air Force Cambridge Research 
Laboratories in Bedford, Mass. 

The interferometer-type antenna 
system, using 16 elements, synthe- 
sizes a given pattern with the same 
resolution that would ordinarily be 
possible only with an interferome- 
ter containing 80 elements. The 
complex antenna array incorporates 
interferometer and slotted wave- 
guide techniques and data-process- 
ing circuits such as phase shifts, 
multipliers and filters. The 16 ele- 
ments are spaced with an ordered, 
but increasingly wider separation 
from one end to the other. In an 
interferometer, elements are spaced 
with a _ regular half-wavelength 
separation. 

Because of the increased spac- 
ings between elements as more in- 
terferometers are added, it is pos- 
sible to achieve an even greater 
reduction in the percentage of ele- 
ments needed to simulate a given 


aperture. All the data-processing 
such as phase-shifting and the first 
multiplications are done in X-band 
waveguide. The multiplied and de- 
tected output of the waveguide sys- 
tem is an audio frequency which 
can be filtered and again multiplied 
by simple audio techniques. The 
experimental model operates at 
9,375 Me and scaling to other fre- 
quencies will present no problems, 
AFCRL says. 

The system was developed by Lt. 
L. C. Davenport of AFCRL and 
based on earlier theoretical work 
of C. J. Drane, also of AFCRL. 

This antenna can be used only as 
a passive system—not for trans- 
mitting. It would be used largely 
for locating sources that can be 
considered essentially points in 
space or for mapping the surface 
of incoherent self-luminous sources 
such as active satellites or radio 
stars. 

The system may also study the 
influence of partially ionized plas- 
mas on electromagnetic energy. 


Document Data Relayed By Television 


e 


Special tv installation made for AT&T by GPL division of General Pre- 
cision uses two 14-in. monitors to send visual data between offices 
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ormer Talk 


New techniques reduce 
size of 2.5 megawatt 


AIRBORNE PULSE 


TRANSFORMER 
to only .45 cu. ft. 












A high-voltage pulse transformer 
tested at 180kv and rated for pulsed 
operation at 90kv that measures just 
9% x 9% x 8% inches! 


This ruggedized unit—typical of 
Raytheon’s new compact pulse trans- 
formers — is designed to operate under 
the extreme environmental conditions 
encountered by high-speed aircraft. It 
contains an insulated DC filament 
supply and internal provision for —50° 
to +100° centigrade operation. For 
flexibility in mounting, it features a 
space-saving, bifilar-type, epoxy ter- 
minal that is eight inches shorter than 
previous models. Overall, the new .45 
cubic-foot unit is 60% smaller than its 
predecessors. 


Raytheon pulse transformers are de- 
signed to work with specific microwave 
tubes. Standard designs include open, 
resin encapsulated, enclosed, and oil- 
filled types. 


WRITE FOR 16-PAGE 
BOOKLET on Raytheon 
transformers or for spe- 
cific help on your partic- 
ular requirements to Mag- 
netics Operations, Micro- 
wave and Power Tube 
Division, Raytheon Com- 
pany, Foundry Avenue, 
Waltham 54, Mass. 


RAYTHEON COMPANY 


MICROWAVE AND POWER TUBE DIVISION 


WHAT’S 


YOUR 


TRANSISTOR 


PROBLEM? 


COOLING 


of 


Whatever it is, you can probably find the solu- 
tion with a Birtcher Radiator. Available in sizes 
and designs to most efficiently cool all popu- 
larly used (and many special) transistors. 
Test reports show up to 27% more transistor 
efficiency! 


AVAILABLE FROM AUTHORIZED BIRTCHER DISTRIBUTORS 


RB @ 


@ 


7 

NEW! 

| TRANSISTOR 
RADIATOR 

| CATALOG 1-HR 


| 
| Just off the press — write for it 








THE BIRTCHER CORPORATION 


INDUSTRIAL DIVISION 


745 S. MONTEREY PASS ROAD, MONTEREY PARK, CALIFORNIA 


Name it in 


HIGH 


steatite 
and 
technical 
ceramics 


| 


CIRCLE 201 ON READER SERVICE CARD 





TEMPERATURE 
CERAMICS 


We have it! 


@ Extruded sections; intricate press parts; 
tapped, threaded and machined shapes 


@ Heating Appliance Insulators 
@ Porcelain Insulation 

@ Thermocouple Wire Insulators 
@ Crushable Insulation Tubing 
@ Refractory Porcelainware 


@ Electronic Insulation 

@ High-Fired Alumina Ceramics 

@ High Voltage Transformer Insulation 
@ Foundry Cores 


We will quote from your prints or 
samples. Write or phone today. 


“Proud to Serve You” 


DU-CO CERAMICS Co. 


203 Main Street Saxonburg, Pa. 
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MEETINGS AHEAD 


Aug. 13-18: Magnetohydrodynam- 
ics, Seminar, Penn State Univ., 
University Park, Pa. 


Aug. 16-18: Electronic Circuit 
Packaging Symposium; Univ. of 
Colorado, Boulder, Colo. 


Aug. 22-25: WESCON, L.A. & S.F. 
Sections of IRE, WEMA; Cow 
Palace, San Francisco. 


Aug. 23-Sept. 2: National Radio & 
TV Exhibition, 1961 British Ra- 
dio Show; Earls Court, London. 


Aug. 28-Sept. 1: Heat Transfer 
Conf., International; Univ. of 
Colorado, Boulder, Colo. 


Aug. 30-Sept. 1: Semiconductor 
Conf., AIME; Ambassador Hotel, 
Los Angeles. 


Sept. 4-9: Analog Computation, In- 
ternational Conf., International 
Assoc., for Analog Comp., and 
Yugoslav Nat. Comm. for ETAN, 
Belgrade, Yugoslavia. 


Sept. 6-8: Computing Machinery, 
National Conf., ACM; Statler- 
Hilton Hotel, Los Angeles. 


Sept. 6-8: Nuclear Instrumentation 
Symposium, PGNs_ of _ IRE, 
AIEE, ISA; N. C. State College, 
Raleigh, N. C. 


Sept. 6-8: Space Elec. & Telemetry, 
PGSET of IRE; Univ. of New 
Mexico, Albuquerque, N. M. 


Sept. 6-13: Electrical Engineer- 
ing Education, Internat. Conf., 
ASEE, AIEE, PGE of IRE; 
Sagamore Conf. Center, Syracuse 
Univ., Adirondacks, N. Y. 


Sept. 8-10: High-Fidelity and 
Home Entertainment Show, Chi- 
cago, Crystal Ballroom, Palmer 
House, Chicago. 


Sept. 11-15: Instrument-Automa- 
tion Conf. and Exhibit, ISA; 
Sports Arena, Los Angeles. 


Sept. 13-15: Technical-Scientific 
Communications, PGEWS of 
IRE, Bellevue-Stratford Hotel, 
Phila. 

Oct. 9-11: National Electronics 
Conf. IRE, AIEE, EIA, SMPTE; 
Int. Amphitheatre, Chicago. 

Nov. 14-16: Northeast Research & 
Engineering Meeting, NEREM; 
Commonwealth Armory and Som- 
erset Hotel, Boston. 
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still another 


transistor 
development 


by. 


SEMICONDUCTOR 
INDUSTRY LEADER 


FIRST CLASS 
PERMIT 
NO. 515 
HAWTHORNE, 
CALIFORNIA 


BUSINESS REPLY MAIL 


NO POSTAGE STAMP NECESSARY IF MAILED IN UNITED STATES 


POSTAGE WILL BE PAID BY— 


Pacific Semiconductors, Inc. 
12955 Chadron Ave. 
Hawthorne, California 





File for ready reference 


12 


you should specify 


72 high performance triple diffused silicon 
mesa transistors available now from PSI! 


HIGH SPEED 2N1837 2N1613 2N1335 
SWITCHING 2N1837A 2N1711 2N1337 
TRANSISTORS PT850 2N1893 2N1338 


PTB50A 2N1342 
2N706 GENERAL PURPOSE 2N1505 


2N706A STANDARD Bs ae pa aa 
2N7068 SWITCHING ominie 
2N708 TRANSISTORS 2N1336 


2N753 PT530A 
133 
2N834 onepete 


°N835 2N497 2N1344 Aa 
®N919 2N498 2N1838 PT613 
etaniobes 2N656 2N1839 

2N920 2N657 2N1840 PT720 
2N921 2N696 

2N922 2N697 SPECIAL PURPOSE HF HI 
comm 2N698 SWITCHING POWER 


~ “ TRANSISTORS TRANSISTORS 
1 


PREMIUM 2N717A 2N1340 2N1899 
SWITCHING 2N718 PT600 2N1900 
TRANSISTORS 2N718A PT601 2N1901 


2N719 2N1902 
2N1409 2N719A COMMUNICATION 2N1903 


2N1409A 2N720 TRANSISTORS 2N1904 
2N1410 2N720A PT900 
2N1410A 2N1420 2N707 PT900-1 


FOR IMMEDIATE ACTION—-MAIL CARD 
Postage paid reply card below will bring you, by return mail, 
complete specifications on the PSI Triple Diffused Silicon Mesa 
Transistors you check—including curves, electrical characteristics, 
dimensional drawings—and complete, up-to-the-minute short-form 
PS! transistor catalog. All Free—mail now. 


Gentlemen: Please send full data on transistors checked: 
(1 2N696 [ 2N1342 [J 2N1709 [ 2N1899 
[) 2N697 [J 2N1409 [J 2N1710 [J PT600 
2N706 Cj 2N1410 2N1837 ] PT601 
] 2N706A 2N1410A [J 2N1837A (J PT850 
(J 2N1336 ] 2N1420 (] 2N1838 [) PT850A 
] 2N1338 ] 2N1505 (1) 2N1839 ] PT900 
(1 2N1340 (1) 2N1506 (J 2N1840 C) PT900-1 


also send complete, short-form PSI transistor catalog 
NAME___ 


ADDRESS___ 





PSI TRANSISTOR 


~2N958 - 2N959 


HIGH PERFORMANCE COMPUTER LOGIC SWITCHES 


Ts <25ns © Vce (Sat) <.2V ¢ 250mW Dissipation @ 25°C 


SPECIFICATIONS in. en DIMENSIONS 
25 volts | 3 0.5uA 165 
. = 
* - : \- ef fe-ci40 
voits M 
(sat) lc —10mA, lh—ImA... 0.75V——0.85V + 2 sae 
Power Dissipation @ 25 C .250watts (sat) c= 10mA, ls=1mA... 0.20V 250 MIN. TyP.| 2 COLLECTOR 
10V, lc =10mA, 








2.0 et 
7.0 pf 





le 2 
.=1000 ohms 25 ns 
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THE THREE STANDARD MICRO PACKAGES NOW AVAILABLE FROM PSI 


apie There’s a PSI Micro-Transistor 


' I : for every design requirement 
a | and every assembly technique. 
; If you’re planning a new and 


NEW TO-51 PACKAGE PSI MICRO PACKAGE PSI PICO PACKAGE this | original computer design 
for standardization in ideally suited for “cord- unit offers the ultimate for | let us hear from you. Just call 
“swiss cheese” and other wood” approach to micro- = microminiaturized com- | 


advanced methods of com- __ miniaturization. ponent assembly. Bill Eckess, OSborne 9-2281, 
ponent assembly. | ; on ‘ 
All illustrations shown in actual size. | TWX: HAW CAL 4270 or write 


ee ee PSI Micro-Electronics Division. 





Ask for your copy of the new 
up-to-the-minute ‘‘Micro- 


rote ee eee can ee Macific Semiconductors, Inc. 
Micro-Diode Reliability Report” 4 A 7 
Available at PSI Distributors coast-to-coast EN A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC. 

1295S Chadron Avenue, Hawthorne, Calif. * Cable: PSISOCAL 
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WX4541 


: 
. 
' 
‘ 


5CEP11 ~ 


WX4030 


What are your military & industrial Cathode ray tube 
applications? To provide you with fast delivery of special tubes 
and feasibility models, Westinghouse has the most modern 
CRT model shop, pilot line, engineering labs and environ- 
mental test facilities in the business today. Over 100 special 
CRT’s now in the Westinghouse line offer a wide selection. 
Some of the outstanding characteristics include high resolu- 
tion, low-voltage,electrostatic focus down to 0.7 mil line width, 
transistorized drive, rugged and reliable design. For a 
more complete quick-reference chart, application engineering 


assistance or specific information, write to Westinghouse 
Electric Corporation, Elmira, New York. 


eo) Westinghouse 


Examples of Westinghouse cathode ray tube capabilities 

















TYPICAL OPERATIONS 





Tube Max. Outside Max. Overall | Face Radius LINE WIDTH 
Type Face Dia. Length Inches of Curv. Anode REMARKS 
Inches Inches Volts KV Mils @ 
WX 4527* 0.90 Dia. Flat 6 1 Max. tube dia. 1%". High resolution. 
wx 4497* 1% Dia. Flat 10 











1 Small diameter. High 1 








47/32 x 
WX 4030 1 31/32 60 


WX 4439° 5 5/16 Dia. 
WX 4129° 5 5/16 Dia. 
WX 4486* 5 5/16 Dia. 16 

WX 4541° 7 1/16 Dia. 8% 
WX 3918° 12 9/16 Dia. 18% 
WX 3961° 16 Dia. 22 7/16 


28 High altitude & integral shield. 





1.5 High resolution. 





1.5 High resolution. Auxiliary defl. plates. 





Very high resolution. 
Ruggedized 7AUP4. 








Transistorized video drive. 





Transistorized video drive, 5 to 10 V. signal. 





° 20% x 
WX 3753 16% 18% 


*Aluminized Mag. = Magnetic ES =Electrostatic 





























Spot wobble for elimination of raster lines. 
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special Pliers 
for the 
Highly Specialized === 


204-6—Cutters at tip. 


Electronics Field ~“—— 


D229-4C — Springs be- 
tween jows hold clipped 
When the early transmission lines were strung in this country a ~e 
century ago, it was Klein Pliers in the hands of linemen that 
helped do the job. 


Klein has kept pace with the development of the electrical field, 
meeting each new challenge with tools specially designed to do 
the wiring job better . . . more economically. 


a 


Shown here are a few of the many highly specialized Klein Pliers oes ae anol 
carried in stock to meet the needs of electrical and electronics cirevits. 
manufacturers. 


You will find your assemblies go together more smoothly and 
wiring is done more rapidly when the right Klein Plier is used. 


D ° c—k. ible 
SEE YOUR DISTRIBUTOR pts ttte sua 

cut dead soft wire or ex- 

tremely hard wire. 


Mathias moMLEIN-: & Sons 


INCORPORATED 


7200 McCORMICK ROAD, CHICAGO 45,"ILL 


Mathias Klein & Sons, Inc. 7200 McCormick Road, Chicago 45, Ill. 
Please send me the Klein Plier Catalog and information. 


LL, Stamclana af Companton, ae 


EN 


l tools 


a 





Title 
Company 


Address 





r------------ 
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Now! 100% power testing of 
1N536-1N561 series rectifier 
cells gives greater reliability 
..at no extra cost! 








Now you can get Westinghouse power semiconductor 
quality in this popular, low-current rectifier series. Com- 
plete in-service reliability is assured by 100% Power Test- 
ing. Each and every one of these rectifiers is tested under 
full-load conditions—which simulate actual field operation. 
This exclusive Westinghouse procedure, developed through 
years of experience in high-power silicon rectifiers, has 
resulted in high reliability standards. 


Each cell is completely tested under the severest combi- 
nation of current, voltage, and temperature. Westinghouse 
gives this assurance of extra reliability, yet the Westing- 
house 1N536-1N561 series rectifiers cost no more than 
other makes. 


Features Include: m New fused, double-diffused con- 
struction m Ambient operating temperature minus 65°C to 
plus165°C m Typical forward drop at 1 ampinstantaneous 
at 25°C—.95 volts m Hermetically sealed encapsulation. 


The 1N536-1N561 series rectifier cells are immediately 
available in quantities for all requirements. Why settle for 
less? Insist on rectifiers which have been 100% Power 
Tested. Whether the rectifiers you want are large or small 


. . You can be sure... if it’s Westinghouse. SC-1043 





For “off the shelf” delivery, order from these Westinghouse Distributors: 


EASTERN ELECTRONIC COMPONENTS wet! co. 
Mo./WO 2-9916 
ACK SEMICONDUCTOR, INC 

Birmingham 5, Ala./FA 2-0588 HALLMARK INSTRUMENTS CORP. Geltas, Venna/t 7-2088 

INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
MIDLAND SPECIALTY CO. El Paso, yay 3-9555 


Phoenix, Ariz. /AL 8-8254 
Albuquerque, N. M./CH 7-0236 


CAMERACIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC 
ye ‘ee /CO 7-4700 
ELECTRONIC oe 
bourne, irda/PA 3-1441 
GENERAL RADIO a... CO., IN 
Camden, N J./WO 4-8560 





GENESEE RADIO PARTS CO. 
Buffalo, N. Y./TR 3-9661 
KANN-ELLERT ELECTRONICS, INC. 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS 
New York, N. Y./RE 2-4400 
RADIO & ELECTRONIC fears co! 


RP. 
land, Ohio/UT 1-6060 
SCHWEBER endian 
Long Island, N. Y./P1 6-6520 
Silver Spring, Md./JU 5-7023 
MIDWESTERN 
ECA. eens INC. 
sas City, Mo. /WE 1-0829 





RADIO DISTRIBUTING CO. Indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC. 

Chicago, !lI_/NA 2-8860 
S. STERLING CO. Detroit, Mich./BR 3-2900 
UNITED RADIO, INC. Cincinnati, Ohio/MA 1-6530 


WESTERN 
ALMAC ELECTRONICS CORP. 


ELMAR ELECTRONICS 
HAMILTON ELECTRO SALES 
Los Angeles, Calif./BR 2-9154 
Palo Alto, Calif. /DA 1-7541 
NEWARK ELECTRONICS CO. Inglewood, Calif_/OR 4-8440 


Seattle, Wash. /PA 3-7310 
Oakland, Calif./TE 4-3311 








Westinghouse Electric Corp., Semiconductor Dept., Youngwood, Pa. 


Westinghouse 
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Simply route your shipment to Europe’s cargo gateway — Zurich. Specify the 
only airline that flies there non-stop— Swissair. In Zurich, your shipment Is care- 
fully handled in the world’s most advanced cargo terminal, with complete 
facilities under one roof serving 27 airlines. Transshipping takes minutes, not 
hours. Your Swissair shipment from New York arrives the next day anywhere 
in Western Europe—makes fast, frequent connections for the Mid-East, Africa, 
the Orient. When you add the time you save to other economies you make 
(eliminating warehousing and inventory expense...reduced in-transit damage 
and pilferage...lower packing, crating and insurance costs), you'll find that 
shipments by Swissair can actually cost less than surface transportation. More 
than that, your product investment starts earning money for you days and weeks 
sooner. Get a factual cost analysis. Call your cargo agent, your forwarder or 
Swissair’s cargo specialists. Offices in principal cities. , 

Ship SWISSAIR to 55 cities...37 countries. Daily DC-8 Jetliners plus all-cargo 


ELECTROMAGNETIC 
COMPATIBILITY 
ANALYSIS 





Here is your opportunity 
for professional growthina 
challenging and extremely 
interesting field, as a mem- 
ber of an outstanding and 
stimulating scientific team. 
Armour Research Founda- 
tion, specialist in electronic 
interference evaluation, is 
now expanding its facilities 
and staff requirements in 
the area of Electromag- 
netic Compatibility Anal- 
ysis. We are looking for 
qualified electronic engi- 
neers at all levels (B.S. 
through Ph.D.) for research 
and applied studies con- 
cerned with system anal- 
ysis and_ performance 
prediction. Immediate 
openings are available at 
either our Chicago labora- 
tories or at ARF’s Electro- 
magnetic Compatibility 
Analysis Center in Anna- 
polis, Maryland for indi- 
viduals with experience in 
one or more of the follow- 
ing fields ... 


RADAR 
MICROWAVES 
ANTENNAS 
COMMUNICATION 
PROPAGATION 
CIRCUIT THEORY 
MEASUREMENT AND ANALYSIS 
TACTICAL EVALUATION 


Staff members receive at- 
tractive salaries, up to 
four weeks vacation, gen- 
erous insurance and retire- 
ment benefits, and tuition 
free graduate study. All 
qualified applicants will re- 
ceive consideration for em- 
ployment without regard 
to race, creed, color or na- 
tional origin. Please reply 
in confidence tc Mr. R. B. 
Martin. 


ARMOUR 
RESEARCH 


service to and from Switzerland—with connecting flights to every part of the world. FOUNDATION 


OF ILLINOIS INSTITUTE OF TECHNOLOGY 
SWISSAIR ad TECHNOLOGY CENTER, CHICAGO 16, ILL. 





SWISSCARE +» WORLDWIDE 
10 West 49th Street, New York 20,N. Y.—FAculty 2-8600 
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New Eimac UHF-TV klystron pushes ie Way down! 


costs 
Now available: Eimac’s 4KM100LA, a new 25KW klystron designed for UHF-TV transmitters. It 
provides the lowest operating cost ever with its low unit price, long life, non-critical focusing and high 
gain of 30 db to replace three tetrode stages! What’s more, it’s a complete amplifier unit and needs no RF 
design work, water filters, expensive maintenance. The 4KM100LA has all this and low noise too—more 
than 60db below black level. No wonder Eimac klystrons are used in almost 90% of all European UHF-TV 
stations! And now Eimac anticipates your needs with this modern, cost-cutting tube. 
For more data write: Power Klystron Division, Eitel-McCullough, Inc., San Carlos, Calif. 
Eimac 4KM100LA Klystron Simultaneous Operating Characteristics. Beam voltage: 16K V; Beam Current: 
3.84; Power Output, peak syne.: 25KW; Bandwidth: 8mc, ldb; AM Noise: greater than 60db down. 
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WEDNESDAY: JULY 13 


1938 


the first practical 


want transformer 


regulating 


THURSDAY, AUGUST 19 


1954 


@ CVDC — the first static-magnetic 
dc power supply 























TUESDAY, FEBRUARY 7 


1961 


* CVQ— the first ultra-reliable 
transistorized dc power supply 
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future. Each day, our engineering moves forward toward new milestones. We will 
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write or phone Mr. A. Steichen, Product Manager, Electronics, 


Company, Elk Grove Village, Illinois. 


Sola Electric 


SOLA ELECTRIC CO. 


Busse Road 
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Model 135 AUTOGRAF 

Uh dg-nere)aaley-lnemec-larsisicelay4cre 

circuitry. Built-in calibrated X-axis 

time sweeps, 16 calibrated ranges (each 

axis) plus stepless range control. Portable, 
rack or table mount, 10%" x 16g" x 4’s", weighs 
only 20 Ibs.! Includes all popular AUTOGRAF 


features for maximum usefulness, versatility. 


Data and price subject to change without notice 


Sith F.L. MOSELEY CoO. 


Dept. A-7, 409 N. Fair Oaks Avenue, Pasadena, California 
MUrray 1-0208 TWX PASA CAL 7687 
Field representatives in all principal areas 6846 
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New Improved CBS F 
Power Transistors @|'O 


2N538(A) « 2N539(A) « 2N540(4) [AN 
FEATURE MORE POWER, 
LESS WEIGHT, LESS SPACE 


The CBS 2N538(A), 2N539(A) and 2N540(A) have a maxi- 
mum dissipation of 30 watts at a base mounting temperature of 
25 deg. Centigrade. Yet, each transistor weighs less than 5 grams 
and requires only 1/3 square inch of chassis space. 





Compact and rugged, these hermetically-sealed CBS PNP Ger- 
manium Power Transistors are ideal for military and industrial 
power applications demanding high reliability. They are espe- 
cially suited for servo motor controls, power amplifiers, con- 
verters, power supply regulators and low-speed power switches. 


Note the major characteristics and advantages. Call or write 
today for complete technical data and delivery information from 
your local sales office or Manufacturer’s Warehousing Distributor. 
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ELECTRICAL CHARACTERISTICS 
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2N538 —55 50 1.33 3.33 
2N538A —55 50 1.33 ‘| 3.33 ’ 52 


2N539 —55 75 1.00 2.50 CBS PNP Power Transistors with an im- 
2N539A a 75 1.00 250 35 105 proved industrial male package offer: 
2N540 —55 113 0.75 1.88 e Single, sturdy 8-32 mounting stud 
540A Matched glass-to-metal seal for 
an “ 113 0.75 1.88 7 213 . greater phen ther rengih and re- 
pees See Max, collector cu 3.5 junction 


seton eee, ne Vig - Minimum she aan 495°C; sistance to thermal shoc 
marys KC (ont b, Vesmn—4 volts) max, thermal resistance, 2 @ Rugged welded construction through 


the selection of matched materials 
having excellent welding properties 


© Typical leakage three to five times 
lower than specification limits. 


e High dissipation with minimum size 


semiconductors e High collector-to-base voltage 


@ High collector-emitter breakdown 
: voltage 
® 


* _— ome of operating and storage 
A . ° em atur 
More Reliable Products through Advanced Engineering A 


CBS ELECTRONICS, Semiconductor Operations, Lowell, Massachusetts 
A Division of Columbia Broadcasting System, Inc. * Semiconductors * tubes * audio components * microelectronics 


Sales Offices: Lowell, Mass., 900 Chelmsford St 
Melrose Park, Iil., 


(, 


( 
{ 
¥ 









































., GLenview 2-8961 * Newark, N. J., 231 Johnson Ave., TAlbert 4-2450 
1990 N. Mannheim Rd., EStebrook 9-2100 * Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 
Toronto, Ont., Canadian General Electric Co., Ltd., LEnnox 4-6311. 





A MESSAGE TO AMERICAN 


LET’S KEEP 


INDUSTRY * ONE OF A SERIES 


Business Help For Our Colleges 
Going Full Speed Ahead 


“Should our company fold up its program of finan- 
cial help for higher education now that the Kennedy 
Administration plans to have the federal government 
provide this kind of help in a big way?” It is clear 
why. in the light of campaign promises and plans an- 
nounced since, this question is being raised in many 
business firms at this juncture. 

What seems far clearer, however, is the right an- 
swer to the question. It is a resounding NO! This is 
no time for the business community to ease up 
in what have been its notably successful efforts 
to help our colleges and universities get out of 
the deep financial hole in which they are oper- 
ating. On the contrary, this is the time to put 
more steam than ever behind the drive of busi- 
ness to inerease its financial help for higher 
education. 


Massive Help Needed 


It is easy to understand why any individual busi- 
nessman or firm might have a rather despairing feel- 
ing about the prospect of competing with the federal 
government, with its almost all-embracing tax arm, 
in providing financial support for higher education or 
almost anything else for that matter. But this is not a 
case of competition, It is a case where our colleges 
and universities must have massive help all along the 
line if they are to be put squarely back on their feet 
financially—a goal of crucial and perhaps decisive 
national importance. The business community will 
continue to have both the opportunity and the 
obligation to keep on increasing its help for 
higher education as rapidly as possible. 

To underline this proposition take a look at 
the chart at the top of the next page. It shows 


how far the salaries of college and university faculty 
members continue to lag behind those of other occu- 
pational groups in the U.S.A. There has been some 
relative improvement in the average of faculty salaries 
in recent years. And the salary improvement in some 
fields, such as those of science and mathematics, has 
been very pronounced. But the chart makes clear how 
badly the average salary of college and university 
faculty members still lags. 


No Federal Funds For Salaries 

The plans for increased financial aid for higher 
education, proposed by President Kennedy, do not 
contemplate increased expenditure for faculty salaries. 
This, we believe, is wise whether or not you feel, as 
many do, that resort to this kind of federal financing 
would inevitably carry with it federal controls that 
would ultimately undermine academic independence. 
The fight over federal appropriations for faculty 
salaries would be so long and bitter that it would be 
destructive to the aid program as a whole. 

However, what the federal government will not be 
doing to remedy the deplorable condition of faculty 
salaries, as reported by the chart, is one indication 
of the tremendous scope that remains for crucially 
important help for higher education from business. 
Manifold other indications are available. 


Disaster Escape Route 


One of these indications is provided by the careful 
calculation that the annual income of our colleges and 
universities must be increased by about $412 billion 
(from about $4! billion to about $9 billion) over the 
next eight years if the tremendous wave of students 
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Percent Change 
Real Income Before Taxes 


1940-1954 1954-1960 
Physicians + 80 + 13 
industrial Workers 48 16 


Lawyers 19 34 
Faculty Members 34 


WHAT HAS HAPPENED TO COLLEGE FACULTY SALARIES 


Index (1940=100) 


1940-1960 
+ 103 


72 
60 
27 








100 














1940 





Sources: U.S. Department of Commerce; U.S. Department of Labor; National Education Association: McGraw-Hill Dept. of Economics. 


1960 








now gathering to descend on these institutions is not 
to wind up in both a financial and an educational 
disaster. This wave promises to add more than 2.5 
million, or 75%, to college enrollments by 1970. 

Thus far, the program for financial help for higher 
education by business, spearheaded by the Council 
for Financial Aid to Education, has been a remarkable 
success in all dimensions. The dollars contributed 
have increased rapidly—from about $100 million five 
years ago to about $150 million this year, Contribu- 
tions of $500 million a year by 1970 are a clear 
possibility. 

One of the inspiring developments increasing this 
possibility stems out of Cleveland, Ohio. There 
through their chief executives, an imposing group of 
business firms have established one per cent of their 
profits before taxes as their minimum goal for con- 
tributions to higher education, to be reached within 
three years. General acceptance of this goal by busi- 
ness would go most of the way toward getting our 
colleges and universities firmly on their feet finan- 
cially. 


Mutual Respect Increased 


The mutual esteem of the academic com- 
munity and the business community, an ele- 
ment of enormous importance to a free society, 
has been increased by the manner in which the 
program of financial aid has been carried out. 
In making its contribution, there has been no attempt 
whatsoever on the part of business to encroach upon 
the academic freedom of the institutions financially 
benefited. And the program of financial aid has greatly 
increased the knowledge, understanding and respect 
which the colleges and universities and business have 
for each other. 
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The Kennedy Administration’s program to enlarge 


federal financial support of higher education is cer- 
tain to arouse strenuous controversy. As proposed by 
its Task Force, it avoids some of the most contro- 
verial areas of principle. However, the very magnitude 
of the proposed extension of the federal government’s 
already vast program of financing higher education 
involves fighting issues. 

But if the enlargement of federal aid were 
to be deeply discouraging to the continued ex- 
pansion of private aid for higher education, it 
would be a national misfortune of major pro- 
portions. There is no good reason why it should 
be. On the contrary, there is compelling reason 
for the business community to continue giving 
higher education all the financial help it pos- 
sibly can, thus speeding onward a program that 
has been and continues to be a major construc- 
tive force for our colleges and universities, for 
business and for the nation. 





This message was prepared by my staff asso- 
ciates as part of our company-wide effort to re- 
port on major new developments in American 
business and industry. Permission is freely ex- 
tended to newspapers, groups or individuals to 
quote or reprint all or part of the text. 


ReuatA Uhre 


PRESIDENT 
McGRAW-HILL PUBLISHING COMPANY 














The Lincoln Laboratory program for ballistic 
missile range measurements and penetration 
research wmcludes: 


RO 


to be RIGHT oF the job sa 


made gh 


EXPERIMENTAL RESEARCH 


Measurements and analysis of ICBM flight phenomena for 
discrimination and for decoy design purposes, including opti- 
cal, aerodynamic and RF effects. 


ar aTrion } . 
ee |) SYSTEM ANALYSIS 
Studies to apply research findings to advance the technology 
of ICBM and AICBM systems. 


INSTRUMENTATION ENGINEERING 


Designing radar, optical and telemetry equipment with which 
to measure ICBM flight effects under actual range conditions. 


RADAR SYSTEMS RESEARCH 


Extending the theory and application of radar techniques to 
problems of discrimination, countermeasures and performance 
in a dense-target environment. 


HYPERSONIC AERODYNAMICS 


Whatever your part in engineering and Study of the flow-fields around re-entering bodies for various 
building electronic equipment, here’s the | body designs and flight conditions. Excellent computer facili- 
NEW catalog that should be at your | ties available. 

fingertips for CABLES! New Catalog | 

No. 4C-61 gives complete charts on 

Royal RG and special application cables, RADAR PHYSICS 

physical and electrical characteristics, Theoretical and experimental studies in radar back-scattering. 
testing procedures, engineering tables Interaction of RF radiation with plasmas. 

(impedance, attenuation, etc.). Valuable 

information, too, on MIL-spec, signal, 


control and other multi-conductor cables. 


A more complete description of the Laboratory’s work 
will be sent to you upon request. 


WRITE for your copy — TODAY! 
Royal Electric Corporation 
301 Saratoga Avenue ee: ' d 
All lifi i t ill receive consideration 
Pawtucket, Rhode Island for pote meet g wthawt sequed to race, creed, 
color or national origin. 
tn Canada: Royal Electric Company 
(Quebec) Ltd., 


Pointe:Claire, Quebec Research and Development 


LINCOLN LABORATORY 


Massachusetts Institute of Technology 
| : BOX 27 


ELECTRIC TEE LEXINGTON 73, MASSACHUSETTS 


A 
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another 


microwave memo 


from 


Announcing 30-Day Delivery on U Band, 
Two-Cavity Oscillators 
For Parametric Amplifier Pumping 


Sperry Electronic Tube Division, Gainesville, Florida, 
announces an immediate solution to the drive source prob- 
lems which have plagued developers of parametric ampli- 
fiers for some time. Now Sperry can deliver a U band, 
two-cavity klystron oscillator in just 30 days. 

Fast delivery is possible because development work 
is completed on all tubes within the frequency and power 
output parameters described below. Soundness of the de- 


velopment work is already proved, 


since tubes of this 


type have been operating in several systems for some time. 
Sperry has developed a whole family of these osci- 
Ilators, They cover the entire U band, and deliver output 


powers from 200 mW to 1.5 W. 


APPLICATIONS 


All tubes in the new Sperry family 
operate with a characteristic flat- 
top mode. This constant relation- 
ship between beam voltage and out- 
put power makes tubes in the series 
particularly suited for driving para- 
metric amplifiers, and for use in 
doppler radars and FM communi- 
cation systems. 

One important benefit of the 
flat-top mode characteristic is the 
availability of frequency modulation 
with very low incidental amplitude 
modulation. This inherent amplitude 
stability, together with high power 
output levels, makes the new oscil- 
lator family particularly useful for 
parametric amplifier applications. 
The same characteristics contribute 
to the desirability of these tubes for 
use in doppler radars and FM 
communication systems. 


zB 


tf tty unt 


Hic uan 1a 4 UH 
eS 5 ry 


Power Output 


- 


Beam Voltage 


Typical mode shapes of two-cavity oscillator. 


RATINGS 

Two-cavity oscillators in the Sperry 
series completely blanket the 12.5 
to 18 kMc frequency range covered 
by the U band. The “family” of 
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tubes is divided into two branches, 
one ranging from 12.5 to 15.5 kMc, 
and the other covering the 15.5 to 
18 kMc area. 

Output power ranges from 200 
mW to 1.5 W in the lower frequency 
group, and from 200 mW to 1 W at 
the higher frequencies. 


If optimum tuned, rather than 
flat-top mode operation is desired, 
power output may be increased 


Power Output 


Pent te ee 


Eh eS VATE 


Beam Voltage 


A typical main mode, adjusted for optimum flat- 


top operation. 


INHERENT BENEFITS 

Tubes in the new Sperry family 
enjoy all the inherent benefits of 
two-cavity klystron design. These 


TUBE 


Y ELECTRONIC 
DIVISION 


include precision tuning, high sta- 
bility, amazing ruggedness and un- 
usual stability at high output levels. 

The series incorporates two 
design features which result in 
significant size and weight savings. 

1. Electrostatic focusing, elemi- 
nating the heavy focusing magnets 
required in many designs. 

2. A unique fixed-tuned design, 
in which the cavities are pressed 
into a configuration which delivers 
the customer’s specified frequency. 

All the tubes in this series 
show efficiencies in the area of 
3.4% with the flat-top mode, and 
all have low levels of vibration- 
induced AM and FM noise. 


PRICE AND AVAILABILITY 


At power output levels from 0.2 to 
0.5 watts, tubes in the new Sperry 
family are priced at $2,295 each. 
With output from .5 to 1.5 watts, 
the price is $2,795 each. Tubes will 
be tuned to your specified center 
frequency, and they will deliver 
your specified power output level. 
All oscillators in this U band series 
will be shipped within thirty days 





contact: 





WRITE FOR SPERRY’S NEW BROCHURE 
which describes the new U band oscillator 
family in greater detail. For the brochure, 
or for application assistance and quotation, 


of receipt of order. 


ELECTRONIC 
TUBE 
DIVISION 


R. F. Forlaw, Section 301 
Sperry Electronic Tube Division 
Sperry Rand Corporation , Gainesville, Fla. 


SPERRY ELECTRONIC TUBE DIVISION 
GAINESVILLE, FLORIDA ¢ GREAT NECK, N. Y. 
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With the successful launching of TIROS III, meteor- 
ologists for the first time will see the total cloud formations 
and measure the radiative energy balance of hurricanes 
which plague the eastern coast of North and Central 
America each year. For TIROS III was launched at this 
time for precisely this purpose. From information gained 
from TIROS III, meteorologists may learn much more 
about the birth and life cycle of tropical storms. 


TIROS Ill DESIGN 


Although the spacecraft configuration is essentially the 
same as the previous two highly reliable TIROS satellites, 
TIROS III has two wide-angle cameras and the National 
Aeronautics and Space Administration has placed new 
omnidirectional IR sensors aboard to measure thermal 
radiation from the earth and sun. 


THIRD OF A FAMOUS FAMILY 

TIROS III is the third of a highly successful series of 
experimental weather satellites which were developed, 
along with the associated ground equipment, for the 
NASA, under contract with the Goddard Space Flight 
Center, by RCA’s Space Center. All of them have 
established ‘‘firsts’’ in the United States’ space program. 


TIROS II established a longevity record for a complex 
satellite. Still operating after nearly eight months and 
over 3300 orbits, TIROS II has transmitted over 34,000 
photographs to the ground. Aside from its impressive 
meteorological achievement, historians may well point to 
this long-term performance as the first to prove that a 
satellite system could operate reliably for so many months 
in a space environment thus proving the feasibility of 
operational satellites. 


A cross-section of the 40 subsystems 
incorporating 3500 electronic parts 
which go into TIROS III are framed by 
two satellites. All components must be 
thoroughly tested, precisely integrated 
and must function perfectly if the 
satellite is to perform successfully 


NASA’s Hurricane 
spotting TIROS Ill 
maintains projects’ 
fine performance 
record 


TIROS I was the first satellite, carrying advanced tele- 
vision equipment, which sent photographs of the earth’s 
cloud cover to meteorologists. From TIROS I’s 23,000 
photographs, meteorologists found that satellites could 
be used for weather observation and analysis. The pic- 
torial information is particularly useful in the two-thirds 
of the world from which few or no weather observations 
are now available. 


CONNOTATIONS FOR THE FUTURE 


The TIROS series has proved beyond a doubt that the 
peaceful uses of space will benefit all mankind. Six nations 
participated in the utilization of information from 
TIROS II and more will take advantage of TIROS III. 
RCA is also already at work on the camera systems and 
space power supply for NIMBUS, the next generation of 
meteorological satellites. 


If you are a professional physicist, engineer, or mathema- 
tician and interested in participating in such challenging 
projects and stimulating team efforts, contact the Em- 
ployment Manager, RCA Astro-Electronics Division, 
Defense Electronic Products, Princeton, N. J. All quali- 
fied applicants are considered regardless of race, creed, 
color or national origin. 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 


electronics 
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Remember when all ears were tuned to the 
feeble, squeaky sounds that came from the 
radio wonder of the '20’s.. . the crystal set, 
a simple instrument combining little more 
than a crystal, wire windings and a crude 
mounting? The modern tuner and other 
electronic equipment, by comparison, is a 
far cry from the crystal set. 

To simplify production of the complex 
metalwork for most of today’s electronic 
industry WIEDEMANN Turret Punch 
Presses are used. Piercing the many holes 
and openings of varying sizes and shapes is 
simple and fast. 

All metal fabricators can as easily justify 
a WIEDEMANN Turret Punch Press 
because it will solve the big problem of 
locating and piercing openings in sheet 
metal in low-run quantities from 1-1000 
and more. 

The “WIEDEMANN METHOD” cuts 
piercing costs 60° to 90%. It eliminates 
setup and layout; permits unlimited engi- 
neering changes; reduces tool cost, inven- 
tory of punched parts, material handling 
and assembly cost. This can be proved by 
comparative time studies. We will analyze 
your work and send you a detailed picture 


of production times you can expect on a 
WIEDEMANN. 


From the versatile 150 
ton R-15 down to the hand 
operated R-2, there's a 
Wiedemann for your short 
run piercing requirements 


WIEDEMANN MACHINE COMPANY 
Dept. E-7, Gulph Road ® King of Prussia, Pa. 
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3-second connections 





Make expensive hands more profitable. Put your electrical 

connections on a 3-second production schedule with 

Gardner-Denver “Wire-Wrap” tools. That’s all the time 

it takes to make a permanent electrical connection using 

the solderless wrapping method, and absence of heat means 

greater reliability of your component. Wire insertion 
Proof of superiority? Over a billion permanent, solderless peretbezeren 

wrapped connections with no reported failure. And only 

Gardner-Denver offers a complete line of equipment for 

making such connections— including custom-designed, auto- 


, * 
matic ‘‘Wire-Wrap”’ machines to solve special problems in ‘ me en) Tpam 
multiple operations. Write for bulletins. 


Finished connection 


Terminal insertion 





Wrapping 





EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


; GARDNER - DENWER 


Gardner-Denver Company, Quincy, Illinois—Offices in principal U.S., Canadian and Mexican cities 
In Canada: Gardner-Denver Company (Canada) Ltd., 14 Curity Avenue, Toronto 16, Ontario 
International: Gardner-Denver International Division 233 Broadway, New York 7, N.Y. 


International Offices: Buenos Aires, Argentina; Artarmon, N.S.W Australia: 8russeis, Belgium; Rio de Janeiro, Brazil; 
Santiago, Chile; Barranquilla, Colombia; Lima, Peru; Ndola, N. Rhodesia; Salisbury, S. Rhodesia; Johannesburg, Transvaal 
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the book "HUMMINGBIRDS" by C. H. Greenewalt; c Ame 


Known to rout hawks a hundred times his size, the hummingbird 
is a creature of courage. But when he takes this risk, it is with a 
distinct advantage. His powers of flight are matched by none. 


We admire his style. And we share the philosophy. Knowing that 
our own Capabilities are highly distinctive, we too believe that they 
are a thing to be used with boldness. Two years ago, Fairchild 
pioneered commercial production of diffused silicon Mesa tran- 
sistors. They became the industry’s most widely copied types. But 
we developed direct replacements — silicon PLANAR transistors 
(PLANAR diodes too were developed) — another step forward. Our 
newly introduced PLANAR EPITAXIAL devices and MICROLOGIC 
elements continue the progress. 


We have many ambitious programs ahead. If you like our approach 
and have a relevant background, we would like to hear from you. 





AIRGHILD 


SEMICONDUCTOR 
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To Contractors and Subcontractors 
on U.S. Government Projects 


Western Electric 
offers high reliability 
semiconductors from Laureldale 





w Western Electric’s Laureldale, Pennsylvania, plant is now in its ninth year of producing 
semiconductor devices of ultra-high quality and reliability for government applications. 

® Devices designed by a resident Bell Telephone Laboratories group have performance stand- 
ards exceeding specification requirements which are based on MIL-S-19500B. 

@ Mechanized production facilities and a comprehensive statistical quality control program 
assure uniformity and contribute to obtaining ultimate process capabilities. 

@ Reliability requirements specify 1000-hour elevated temperature life storage tests on all 
products shipped from Laureldale. 





Typical High Reliability Laureldale Semiconductors: 


= 
ye 


Cc 


2N559 


Diffused Base Germanium 
p-n-p Mesa Transistor. For 
ultra-high reliability in 
large computer systems. 
Rise times of 1-2 nanosec- 


2N1195 


Diffused Base Germanium 
p-n-p Mesa Transistor. Ex- 
cellent for video or rf ap- 
plications and as a non- 
saturating switch. 100 MC 


1N696 


Diffused Silicon Junction 
Diode. Outstanding high- 
speed, low-capacity diode, 
with a maximum recovery 
time of 5 nanoseconds and 


2N1645 


Diffused Base Germanium 
p-n-p Mesa Power Transis- 
tor. This transistor is de- 
signed to provide 1 watt of 
power output at 100 mega- 


2N1072 


Double Diffused Silicon 
n-p-n Mesa Transistor. This 
switches a current of 1 
ampere with rise and fall 
times of 50 nanoseconds. 


onds and storage and fall 
times of 3-4 nanoseconds 
cbtainable. 


gain is 2 12 db. Alpha cut- 
off frequency is ~750 MC. 


a maximum capacitance of cycles with an efficiency of 
4 picofarads. 50%. 


The 2N1072 is an excel- 
lent core driver. 


yy oe 


Western Electric and Bell Laboratories have an applications engineering group in residence at 
Laureldale. The codes shown above (and a complete range of other high reliability semicon- 
ductor devices) can be purchased in quantity from Western Electric’s Laureldale plant. For 
technical information on these and other codes, please address your request to Mr. F. A. Mark, 
Regional Sales Manager, Room 102, Western Electric Company, Incorporated, Laureldale Plant, 
Laureldale, Pa. Telephone—Area Code 215—WAlker 9-9411. 
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western Electric 


MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 
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in direct writing recording systems 





only Brush 
designs 
specifically for mil specs 


From every nut and bolt to the shipping crate, fully militarized Brush Direct Writing 
Recording Systems are originally built to meet military specifications. 





That’s why they are performing every imaginable task of data acquisition and 
recording at U.S. and NATO installations throughout the world. These electric writing 
systems have proved their unexcelled reliability ...from the Operations Monitor 
that will record 120 separate operations at the instant they occur... to the Analog and 
Sequence Recorder that simultaneously records both analog data and sequential events. 
And, they are built for maximum performance in the hands of non-technical personnel. 
Brush equipment is already at work putting evaluation data in writing for a whole new 
generation of weapons. When the weapons become operational, Brush MIL Recorders 
are a vital part of the system. This experience is unique in the industry. Before 
prototype design becomes a problem—call, write or wire Brush for complete details. 


brush INSTRUMENTS 


DIVISION OF 


oo 
37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
cCoseroReation 








4 


Milestones in Engineering 


Benjamin Franklin made history in 1752 when he 
established the fact that “lightning is electricity.” 
He fastened sharp pointed wires at the angles of 
the frame of a silk kite and at the free end of a 
long cord tied to the kite he fastened an iron key. 
During a thunder storm, with the help of his son, 
he sent up the kite. When it reached the storm 
clouds the rain-wet cord stiffened— Franklin put 
his finger near the key and felt a distinct shock. 
Grabbing a Leyden jar he directed the current into 
the jar and stored it there. “Our proof is in that 
jar,” he shouted. 

Thus was sparked the way to further progress 
in the science of electrical engineering —a new era 
of electro-technics was born. 

Today, North Electric continues such progress 
with many significant developments that make life 
more enjoyable and fruitful. 


North Electric multi-contact multi-purpose connectors provide a maxi- 
mum number of positive contact connections in a minimum of space. 
Designed for a wide range of electronic applications, they are available 
in multiples of 20 contacts and in a variety of mounting hardware. 
Moderately priced, yet designed for heavy duty, these connectors 
feature “Floating Action” pressure with a knife-edge male connection 
making positive 2 point contact in an angled bifurcated female. With 
locking bolt (“D” type) or with handle (“E” type). For detailed specifi- 
cations on 20, 40, 60, 80, 100 pin sizes write... 


ELECTRONETICS DIVISION 


NORTH ELECTRIC COMPANY 
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JONES & LAMSON 


OPTICAL COMPARATORS 


idal-Maat- lam dale Mmal-t-1eh-) 
F Wal-smmaat-(etallal-m cele) mt 


already paying for it 





This revolutionary new light source makes 
optical inspection more efficient than ever 


Turret Lathes e 


July 21, 


Jones & Lamson now offers the J & L 
Mercury Arc Lamp, an entirely new light 
source unit that gives more than 5 times the 
intensity of the best filament light source 
available today. 

This new unit, designed for use with any 
J & L 14-inch or 30-inch screen Comparator, 
actually gives a new kind of light... an ex- 
tremely bright, steady arc, with no flickering. 
Its high intensity produces an incomparably 
bright screen with razor-sharp black shadow, 
even at highest magnifications. 


Thus, you can greatly increase the accuracy 
of your inspection and measuring with the 
J & L Comparator, even to the point of actu- 


Automatic Lathes ©¢ Tape Controlled Machines 
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ally “splitting tenths”. (For use at low magni- 
fications, the light can be filtered readily. ) 

The J & L Mercury Arc Lamp comes as a 
complete, compact packaged unit, which plugs 
into any 110 volt outlet. It is quickly inter- 
changeable with the standard light source of 
any Jones & Lamson 14-inch or 30-inch screen 
Comparator, and is a universal device which 
accomodates various standard makes of mer- 
cury arc lamps. 


For detailed information and specifications, 
or a demonstration, contact your local J & L 
representative or write direct to Jones & Lam- 
son Machine Company, 539 Clinton Street, 
Springfield, Vermont. 


Thread a Form Grinders ©¢ Optical Comparators 
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low-cost Tektronix Oscilloscopes with 5-inch CRT’s 
... require only 7 inches of standard rack height 


Tektronix Type RM561 


A new, rack-mount, laboratory oscilloscope— : A new, complete-unit, rack-mot 
basically an Indicator which accepts a wide ; scope, the Type RM503 features 
range of plug-in units in both channels— : Tel =1e) ¢ler-| Mm alelap4elai¢-1me-lalemm'a-1a¢ler-1Mr-lanle) (hil-1¢-eeya 
the Type RM561 offers the type and degree of d calibrated sweeps, five degrees of sweep mag- 
relia lelauat-lalet-Meel-1anr-lale{-1e Me felam ol-ladloll(-lae-lelo) itor te 5 nification, extremely 
iiTelal-m lame cel-melons Com Maslomia-lellelam : cilities. 


:} Gato l-ter lifer 
ele. len dler-tihy 
releF-Veh tle} -mmaalelel-talale mm t- te 
Indicator Unit { ' $450.00 ‘ A differential-input X-Y Oscilloscope, the Type 

' et . aoe +s te Soo, heat ae . RM503 ideally suits curve-plotting applications 
UE} fale in dal- MP, Od Manl-3 dalole Me) Melel-1e-) dle] amir: 1mm 7-11 Br T- 


sales) @e)egl-imil-lelela-hdela mle) eliver-tdlelci-m lam tal: Me lornt 
450: kc region 


Type RM503 


yy 10 cm viewing area, . | 
{ pul sh bs P ny Vertical and Horizontal Amplifiers 
1 square-wave voltage . 
q 1a wa ~ te Frequency Response—dc to 450 ke (a 
available at the fror * quae 
qgown). 


Sensitivity—1 mv/cm to 


er voltage thrt 

voltage t to 20 vicm in 14 cali- 
brated steps, variable uncalibrated from 
1 mv/cm to 50 v/cm. 
Differential input and constant input impe- 
dance at al/ attenuator settings. 
deflection plates . 

; Sweep Range and Magnification 

f 4 
4 of the circuitry 5 si ; 
1d contro . Linear Sweeps Msecicm t 
' calibrated rates, variable unc 

ently available 1 usecicm to 12 sec/cm. 
Mts Sweep Magnification—2 
mMSseC 


extre mely adaptable ' 
' J tomatic, nt, Or amptituae 
nal input to sweer 


pu V g slope of signal, 


4 


Ts qgering Fac ties 
F level 
na ich r 
SO Six S 
ind aiso x ) nternal, external, 
amplifier units 


band from dc 





. ; 
sensitivity 


For a demonstration of either of these versatile low-cost rack-mount oscilloscopes, 
please call your Tektronix Field Engineer. 


Tektronix, Inc. P. 0. BOX 500: BEAVERTON, OREGON / Mitchell 4-0161 « TWX—BEAV 311 - Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES Park Ridge * Clevelan ) * Dallas, Texas « ( 
. Mission) Kan. « ; Angeles, Calif. Area (East 
* Orlando, F « Philadelphia, Pa. « Phoenix (S 
€ ¥. ® © ane Canada + Washington, D (Annandale, Va 
TEKTRONIX ENGINEERING REPRESENTATIVES 


nted in twenty overseas countries by qualified engineering orga 


In Europe please contact Tektronix International A.G., Terrassenweg 1A, Zug, Switzerland, Phone (042) 4-91-92, for the address of the Tektronix Representative in your country 
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Noa 
QO ACTUAL SIZE 


For Printed Circuit 
Plug-In Modules 


Smallest connector with 40 contacts in 
only 1''/4” molding. .050” center-to- 
center spacing of patented ‘‘Bellowform”’ 
contacts. Accept '/32”’ printed circuit 
board or printed circuit cable. 


ACTUAL SIZE 


For Rack & Panel 
Plug-In Modules 


Ruggedized, micro-miniature plug and 
socket connector with 44 contacts in 


New! from 
Continental 
Connector... 
your choice of 
micro-electronic 
applications 


Continental Connector’s development pro- 
gram on miniaturization includes produc- 
tion of connectors for printed circuitry and 
rack and panel applications. Two samples 
of this activity are illustrated here. How- 
ever, others are available and in various 
stages of research and test. Contacts used 
in these connectors are spring temper phos- 
phor bronze with gold plate over silver 
plate. Moldings are available in various ma- 
terials including glass reinforced Diallyl 
Phthalate. 

Complete technical specifications and out- 
line drawings are available free on request. 
Write to Electronics Division, DeJur-Amsco 
Corporation, Northern Boulevard at 45th 
Street, Long Island City 1, N. Y. (exclusive 
sales agent) and ask for Forms MM22 and 
600-2. 


1'/” molding. Polarized guide pins and 
guide sockets or screwlock hardware 
assure positive mating. Also available in 
5, 7, 9, 11, 14, 20, 26, 29 and 34 — 
contact sizes. .094”’ center-to-center 
spacing. 


CONTINENTAL 
CONNECTOR 


CORPORATION 
AMERICA’S FASTEST GROWING LINE OF PRECISION CONNECTORS 
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at aia 


eats 


in Industry's Strongest Chain of Transistor Performance 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature... .sceessecsvecs —65 to +100°C 
Catlccter Wallage, Cos... 2.000 cesescsssssenees —20 volts 
CES = cc cccvesccocceccccess —20 volts 


wide rete vebSe Nn new de —15 volts 
DO BOE. 16 a6 kiko cto cbecanidondnan ee —100 ma 


Collector Voltage, 
Collector Voltage, 


Total Device Dissipation ‘ 


eee eee eee ey 


ELECTRICAL CHARACTERISTICS (G 


} 
Characteristics | Conditions | Min. | 
Collector Cutoff Current, 
Ice | Vee=—Sv | 
| 
] 
DC Current Amplification | —0.5v 
Factor, hre . C —50 ma 
DC Current Amplification | Voce = —0.5v 
Factor, hee —10 ma 
Collector Saturation Voltage, —10 ma 
—O0.5ma |. 0.140 volt 
Base Input Voltage, lic = —10ma 
Vee sal B —0.5 ma 
Hole Storage Factor, | 
K's 100 | nseo 
Gain Bandwidth Product 
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PHILCO 


Se= Famous for Quality the World Over 
a ) a 





NEW LINK 


PHILCO 


2N2048 


GERMANIUM 
SWITCH 


T0-9 


Philco’s new 2N2048 is the forerunner of a broad line 
of 150 mw MADT switching transistors. The new 
power dissipation capability is available in uniformly 
reliable high-speed units, at surprisingly low cost, 
via proven MADT automation. 


Intended for both saturated and non-saturated logic 
cireuits, the Phileo 2N2048 gives you more than com- 
parably priced transistors—more drive per transistor, 
more switching speed per dollar invested in tran- 
sistors, and the extra capability of extra power dis- 
sipation for applications that require it. 


Phileo 2N2048 features include minimum hrr of 50, 
maximum V(SsAT) of 0.14V.,minimum fr of 150 mce., and 
tightly controlled Ver ranging from 0.25V. minimum 
to 0.35V. maximum. For complete information 
write Dept. E-72161. 


we Ss 
° 
¢ 2 
A 
< 
7) 
6 S) 


Enree? 


LANSDALE DIVISION, LANSDALE, PENNSYLVANIA 











ane 












Poliomyelitis patient is 

linked by two plastic tubes to 
56-lb transistorized 

Barnet Ventilator, built by 

W. Watson & Son in England. 
Number of respirations a 
minute, ratio of 
respiratory-to-ex piratory 
times, and air volume entering 
and leaving lungs can be 
instantly and precisely adjusted 
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MEDICAL ELECTRONICS Part V: 


Prosthetics—Substitute Organs and Limbs 


Electronic devices for helping the deaf to hear by touch and the 


blind to read by sound are described. Also discussed are aids to 


replace lost function of the larynx, heart, lungs, muscles and arms 


By WILLIAM E. BUSHOR, 


Associate Editor 


IMPORTANT as 
blind 


and 
guidance are (see 
Part IV) these do not represent the 
only approaches to making life 
more interesting and profitable for 
the deaf and blind. demon- 
strably practical ideas, which are 
liscussed here, are hearing through 
the touch and reading 
through the sense of hearing. Two 
other more blue-sky concepts, di- 
rect replacement of the eyes and 
ears by artificial devices, will be 
discussed in Part VI. 


hearing aids 


devices 


Two 


sense of 
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Hearing by Touch—Devices that 
apply vibrations to the skin to per- 
mit the deaf to hear by their sense 
of touch developed by the 
Franklin Institute more than 30 
years ago.' The difficulty with this 
approach was that it is not usually 
possible to distinguish between 
changes of frequency and changes 
of intensity, because the touch sense 
cannot perform frequency analysis. 

Finer analysis is provided by a 
speech-interpretation system devel- 
oped at the U. of Cape Town, Union 
of South Africa. Here words 
spoken into a microphone are con- 
verted into tactile which 


were 


stimuli, 


are then applied to the fingers of 
one hand. The position of mechani- 
cal vibrators along the fingers in- 
dicates the frequency, thus direct 
frequency discrimination does not 
have to be made through the sense 
of touch. 

A vibration on the thumb means 
a low frequency and on the little 
finger a high frequency; the other 
fingers are graduated accordingly. 
Differences between vowels, lengths 
of words, vowels and consonants, 
ascending and descending move- 
ment by liphthongs (sounds pro- 
duced by combining two vowels into 
single syllable) and consonants of 
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Ris! eee eed 


By passing photoelectric stylus of Battelle Memorial Institute’s reader 
along a line of print, blind subject is presented with aural representation 
of letter scanned. Subjects have learned to read at 15 words a minute’ 


various 
nizable. 
Rome 


groups were also recog- 
Air Development Center 
researchers are working on a com- 
munications system using the hear- 
ing-by-touch principle. Here sound 
is converted into mechanical vibra- 
tions felt by placing a small plate 
on the skin. An area on the chest 
has found most responsive. 
Ultimately, it is hoped to use this 
technique to channel information to 
a pilot when his hearing or sight 
has been impaired by injury or en- 
vironmental conditions. 


been 


Reading Machines for the Blind— 
Although a blind person can have 
someone read to him or can listen 
to recorded versions of books, he 
much prefers to be self-reliant. 


Efforts to give him an all-important 
tool in obtaining that self reliance 


resulted in 


has the lengthy and 
somewhat tortuous development of 
electronic reading machines. 

At present the blind can read in 
braille, but the books are bulky and 
content selection is limited—also, 
braille is difficult to learn as is at- 
tested to by the fact that only 30 
percent of the blind use it. 
Talking books (magnetic or disk 
recording of the spoken word) are 
even more limited in selection than 
braille. 

What is needed is a reading 
machine which can produce _in- 
telligible sounds from the printed 
page of the average book, maga- 
zine or typewritten page. That is, 
the device should use printed mate- 


now 
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rials designed for sighted readers, 
not specially prepared material. Of 
course, the factor of cost, so criti- 
cal throughout prosthetics, is im- 
portant, as are portability (because 
reading is likely to take place any- 
where), easy operation and low 
learning time. Also, the device 
must read rapidly; below 50 to 60 
words a minute is inadequate, 100 
words a minute is about the aver- 
age minimum requirement and 200 
words in minute is the 
rate.’ 

Historically, approaches 
have been tried the Table). 
Least expensive of these machines 
are those which leave the inter- 
pretation of embossed images, 
impulses or tones to the user. Un- 
fortunately, this is most unsatis- 
factory since many blind people are 
unable to make the necessary inter- 
pretation. 

Only modified versions of the 
Optophone and Visagraph have 
been carried to the advanced stage 
of engineering necessary for user 
tests. They exemplify the two prin- 
cipal approaches to the problem, 
both utilize ordinary printed mate- 
rials prepared for sighted readers 
and both extract information (in 
instrument terms) by scanning the 
text with a photosensitive element. 
The information is presented to the 
user by sound (Optophone) and 
touch (Visagraph). Neither ma- 
chine has been sufficiently useful to 
justify its adoption on a wide scale, 
nor have these machines been able 
to compete with their counterparts, 


desired 


many 
(see 


the talking book and braille, despite 
the fact that these are restricted 
to specially prepared materials.” ‘ 


Artificial Larynx—Surgical _ re- 
moval of the larynx (voice box) or 
paralysis of the vocal cords has 
caused the loss of normal speaking 
ability of over 40,000 people in the 
U.S. Many of these people can 
learn esophageal speech—controlled 
vibration of tissues at the top of 
the esophagus produced by expel- 
ling swallowed air—but at least one 
third cannot learn to speak effec- 
tively in this way. 

Last year, a transistorized arti- 
ficial larynx developed by Bell Labs 
in cooperation with the National 
Hospital for Speech Disorders 
(N.Y.C.) and manufactured by 
Western Electric became avail- 
able.* °° The small hand-held unit 
consists of a modified telephone re- 
ceiver used as a vibrating driver 
that is placed in contact with the 
throat, a transistorized pulse gener- 
ating circuit and a mercury battery 
power supply. In operation, sound 
waves are transmitted through the 
throat wall into the larynx cavity, 
replacing those sound waves norm- 
ally produced by air passing over 
the vocal cords. Words are formed 
with the lips and tongue just as in 
normal conversation. 

A completely intra-oral artificial 
voice appliciance has been outlined 
by R. V. Tait in England." 


Externally Mounted Pacemakers— 
In addition to their use in surgery 
(Part III), artificial pacemakers 
are also carried by ambulatory pa- 
tients with heart conditions. These 
devices serve to initiate cardiac 
beating in cases of arrest, that is, 
when the natural electrical stimu- 
lus which keeps the pumping in 
proper rhythm is not functioning 
correctly. In the natural pacemak- 
ing system, the beat rate of the 
pumping chambers of the heart 
(the right and left ventricle) is 
controlled by the receiving cham- 
bers (the right and left atrium). 
The electrical stimuli are generated 
at nodes, or dense networks of fibers 
in the conduction system of the 
heart. Interrelationship of the ele- 
ments in the natural pacemaking 
system is shown in Fig. 1. 
Nervous pathways regulating the 
heart rate terminate at the sino- 
auricular (SA) node. Contraction 
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HGH POINTS IN DEVELOPMENT OF READING DEVICES FOR THE BLIND** 


1902—Photophonic books for blind devised. Trans- 
parent square representing letter is scanned by 
Opaque mask with apertures matching squares. When- 
ever aperture passes over square, light rays illuminat- 
ing page are sensed by selenium cell behind mask. 
Electrical signal developed is converted into coded 
sounds designating printed letter. 

1912—Exploring Optophone invented by Fournier 
d’Albe for reading white letters on black background. 
Light reflected from page falls onto one of two selen- 
ium cells connected to a Wheatstone bridge. A 
rotating disk with hole interrupts light beam periodi- 
cally This action generates a buzz tone in ear- 
phones whose character depends on letter scanned. 
1915—Photopticon, similar to Optophone, invented 
by F. C. Brown Two selenium cells scan letter 
image; one cell receives illuminations from upper part 
of letter, the other from lower part. These cells 
form arms of Wheatstone bridge, thus changes in 
light cause intensity variations of interrupted current 
fed to earphones. 

1920—Optophone that could read black characters 
on white background developed by Barr, Stroud and 
d’Albe. 

1921—Typophone developed. User listens to 
playing phonograph records containing subject 
in Morse code form. 

1924—Mertens firm in Germany devised machine 
using special symbols written with conductive ink. 
A moving mechanical finger scans the page; symbols 
are sensed when electrical contact is made with 
inked areas. 
1926—Photoelectrograph 
Book on rolling carriage is moved under fixed 
scanning unit Illuminated letter is projected on 
matrix of selenium cells each controlling the vertical 
position of a retractable stylus with an electromagnet. 
A group of these stylii present a relief image of 
illuminated areas in book. 


1928—Visagraph invented by R. E. Naumberg. Book 
is fixed in a mechanical holder, light projected on 
page and reflected to selenium cell connected to a 
buzzer User draws stylus along guides directing 
spot of light across letter. Light and dark areas 
are distinguished by vibration or lack of it, respec- 
tively, in the stylus. 


slow- 
matter 


invented by M. Thomas 


1930—More sensitive Optophone developed by B. S. 
Rosing Device uses oscillatory circuits containing 
selenium cell as a circuit element. 


1932-—Patent issued to Snook for device that 


printed page by mechanical-optical means. 
1,889,576). 


seans 
(U.S. patent 
Output of a photocell produces tactile 


stimulus by controlling solenoid-driven plungers. 


1933—G. Schutkowski described machine that would 
recognize a scanned letter as one of the 26 letters 
to the alphabet by principle of optical congruence 
(German patent 570,403). Image of letter is pro- 
jected on sheet of film carrying image of complete 
alphabet. When unknown letter coincides with its 
counterpart on the matrix, a minimum amount of light 
falls on the photosensitive cell causing relays to 
operate which either sounds the letter or picks out the 
corresponding type in a blind alphabet. 
1936—Deviece similar to Photoelectrograph 
by E. Ranseen of Northern U. 

1941—A. R. Sharples granted patent on system 
similar to Schutkowski’s (U.S. patent 2,228,782) 
1942-—G. Ukovie of Germany develops device where 
intensity of incident light detected by optical probe 
varies frequency of tone in earpiece (German patent 
717,223). 


1943—W. 0. Sell 


developed 


granted patent on device that 
focuses an image of an object placed in its field 
on a matrix array of photocells (U.S. patent 
2,327,222) This photocell array controls a similar 
array of points that give electrical stimulation to 
the skin. 

1946—Zworykin and Flory invent Optophone-type 
device in which small spot of light is manually caused 
to move up and down along vertical line corre 
sponding to vertical scanning slit In synchronism 
with motion of light spot, an audio oscillator is 
frequency modulated so that when the spot is at 
top of line the frequency is high and when at 
bottom it is low. Reflected light is detected by photo- 
tube driver amplifier that feeds earphone. Audible sound 
indicates number, size and position of black areas 
under seanning slit 

1947—Faximile Visagraph developed 
on Sensory Devices of National 
This is essentially an updated 
Naumburg device. 
1949—Zworykin, 
ing machine that 
letters 


by Committee 
Research Council. 
version of original 


Flory and Pike develop letter read- 

recognizes and actually pronounces 
Device divides line of type into number of 
horizontal bands each of which it explores with a 
spot of light Reflected light from each band is 
converted to an electrical signal by a  phototube. 
Counting circuits connected to the seanner count 
number of times each light spot encounters part 
of a letter From this information, other circuits 
in the device recognize the letter or letters scanned 
and cause magnetic recordings of correct letter 
sounds to be played back to user 


1950—Davis and Hinton receive patent on method 


of using black of letter to control position of light 
pencil illuminating a motion-picture-type sound 
track. Photoelectric system converts sound track 
image into spoken letter. 


1954—A. Rubbiani of Italy demonstrated tactile 
reader to E. Murphy of the Veterans Administration. 
Photocell scanning is done by a Nipkow disk. The 
electrical output controls solenoids that drive long 
wires which converge on a small area under a single 
finger tip. 


1956—B. Henke of Pomona College develops im- 
proved Optophone. Rotating photographie tone disk 
modulates light passing through a sfit into 11 te 
15 channels. A comparison between white paper 
and printed material is made by balanced photo- 
sensitive elements. Several audio frequencies cor- 
responding to successively higher positions on a 
letter are fed to earphones Copy is mounted in 
ordinary typewriter which provides controlled align- 
ment and movement past slit. 

1956—Audivis (simple optical probe device similar 
to Ukovie’s) described by C. M. Witcher of MIT. 
1957—Frank of Franklin Institute invents tonal 
braille system. Separate tones associated with upoer, 
middle and lower braille dots are generated. Combina- 
tions of tones are sounded for various braille letters. 


1957—Autphone patented by S. Pantages and E. N. 
Pantazis (U.S. patent 2,817,706). System is related 
to Frank’s but uses specially prepared punched 
material 

1958—C. M. Surber gets patent on optical-to-tactile 
system (U.S. patent 2.866.279). Printed material 
is seanned by a matrix consisting of 30 channels each 
consisting of a photocell, relay and pin. Device pro- 
duces tactile raised-pin presentation. 


1959—H. A. Mauch gets patent on system that 
seans an entire letter, integrates the information 
obtained at each of five levels, and produces a single 
complex sound (U.S. patent 2,907,833). Single 
element sound per letter avoids three sounds produced 
on Optophone as beginning, middle and end of 
letter is passed. 

1959—Battelle Memorial Institute develops aural 
reading device of the Optophone type. This device 
uses 11 frequency channels, spanning a vertical section 
of a letter from bottom to top with 11 tones. 
Probe is rolled along lines of type with help of 
mechanical tracking device.” 


1961—Moon (U. of Chicago) suggests optical-to- 
tactile transducer. Photocell and tactile stimulator 
are mounted on same finger which, as they pass over 
black marks on page, generate tactile sensation 





of the heart commences when the 
SA node sends an electrical impulse 
to the right and then the left 
atrium. Eventually this pulse trig- 
gers the atrioventricular (AV) 
node which spreads the charge to 
the ventricle system (by way of a 
slender group of fibers called the 
Bundle of His) triggering the ido- 
ventricular (IV) pacemaker.” 

If normal conduction between the 
atrium and ventricle is disrupted, 
a condition known as heart block 
occurs. Since SA stimuli are miss- 
ing, the ventricle will contract at 
its own intrinsic, fixed and much 
slower rate. The pulse rate can now 
fall as low as 22 to 30 pulses a 
minute causing fainting or convul- 
sions from poor circulation of blood 
in the brain. Sometimes the heart 
stops beating entirely (Strokes- 
Adams seizure) and the victim 
blacks out, has convulsions and 
goes into a coma. Temporary or 
permanent heartblock can also be 
caused by accidentally severing the 
Bundle of His during surgery, by 
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arteriosclerosis, by infection or by 
drug administration. 
There are two general types of 


externally carried artificial pace- 
maker; the external stimulator in 
which impulses are applied between 
two electrodes placed on the out- 
side of the body, and the internal 
stimulator in which the electrode 
is brought into direct contact with 
the heart. 

In external pacemakers, the 
stimulating electrodes are placed 
over the chest wall and deliver 
electric impulses with currents 
from 50 to 200 ma and voltages 
from 20 to 100 v. In internal pace- 
makers, the stimulating wire is di- 
rectly attached to the heart muscle. 
Advantages of the internal over the 
external pacemaker are that it is 
effective with smaller currents, does 
not entail contractions of chest 
muscles, does not produce pain or 
local skin burns and, because of its 
small size, can be carried. 

Medtronic’s transistorized Car- 
diac Pacemaker is designed for in- 


ternal applications with at least 
one wire attached directly to the 
myocardium (muscular tissue of 
the heart) for temporary stimula- 
tion or with a bipolar patch for 
prolonged’ stimulation.” Shaped 
like an oversized package of cig- 
arettes and weighing 10 ounces, 
the unit uses a self-contained 9.4-v 
mercury battery having a flat 
voltage discharge curve so that 
for a given setting the pacemaker 
stimulation is relatively constant 
for the 1,000-hour battery life. It 
is normally carried on the belt or 
in a shoulder holster. 

A neon flasher on the Cardiac 
Pacemaker indicates the frequency 
of the stimulating pulse, which can 
be varied from 60 to 180 pulses a 
minute. The output is a 2-milli- 
second square wave current pulse 
that is variable in amplitude from 
1 to 20 ma when applied to a 1,000- 
ohm load. This is enough current 
to cause stimulation without trig- 
gering the ventricles into fibrilla- 
tion (independent beating of heart 
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Electronic larynx developed by Bell 
Labs weighs only seven ounces, 
closely resembles a modern electric 
shaver. Power is supplied by Mal- 


lory 5.4-v mercury batteries 


without rhythm). 

Braided stainless 
steel insulated with 
Teflon implanted in the ven- 
tricular myocardium. This wire is 
connected to the negative pole of 
the pacemaker. A flat metallic elec- 
trode is inserted into the subcu- 
taneous tissue of the chest wall and 
connected to the indifferent pole of 
the pacemaker. 

An alternative method which is 
frequently 


tantalum or 
electrodes 


are 


used is to apply two 
electrodes to the myocardium and 
stimulate the ventricle in bipolar 
fashion. Bipolar stimulation ap- 
pears to have the advantage that 
the ventricles are slightly more re- 
sponsive to it than to unipolar stim- 
ulation. Recently a_ bipolar 
trode with terminals 5 mm apart 
and imbedded in silastic silicone 
rubber mold has been developed for 
Medtronic’s pacemaker by the Re- 
search Laboratory of St. Joseph’s 
Hospital in St. Paul, Minn." This 
configuration is advantageous for 


elec- 


long term stimulation because only 
a single small wire need emerge 


through the chest wall. Another 
technique of placing the electrode is 
to insert a braided wire through a 
vein in the neck and into the heart. 
(See cutaway photo of heart.) 

A companion unit, the Cardiac 
Monitor, can be inserted into the 
same circuit with Medtronic’s Car- 
diac Pacer to activate the pace- 
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maker automatically should the pa- 
tient’s rate suddenly fall below a 
predetermined level. It 
tains an audio alarm. 

Atronic’s pacer, developed in 
close cooperation with the Phila- 
delphia General Hospital, is at- 
tached to the heart by a wire in- 
serted in the jugular vein in the 
neck and running through the vein 
to the lower right chamber of the 
heart.” The ground electrode is 
imbedded in the skin of the chest 
over the heart. By using the 
jugular vein insertion method, the 
piercing of the heart muscle is elim- 
inated as are the occasional compli- 
cations that result, that is, hemor- 
rhage, fibrosis and infection. Such 
electrodes can be maintained in po- 
sition with effective cardiac stimu- 
lation for many weeks, even in the 
ambulatory patient. Wire elec- 
trodes are sewn directly to heart 
for long periods of use. Also a 
special spinal needle can be used to 
pierce the intact chest wall and the 
wire electrode inserted through it 
into the myocardium. 

The instrument, which is the size 
of a small book and weighs less 
than two pounds, is a combination 
simplified PQRS polarity and wave 
rate monitor, impedance meter and 
artificial pacemaker. It can be used 
for monitoring and internally stim- 
ulating cardiac activity in the event 
of an emergency or as a precau- 
tionary measure during an opera- 
tion. 

Pulses 


also con- 


produced are 2.5 milli- 
second long, current is continuously 
variable from 0 to 24 ma when ap- 
plied to impedances ranging from 
50 to 1,500 ohms. Pulse rate is con- 
tinuously variable from 25 to 120 
pulses per minute. 

In event of heart failure, elec- 
trical signals can be started in- 
stantaneously to stimulate the heart 
back to its normal beat. Batteries 
provide an independent source of 
power with an expected life of 120 
days. An audio output jack pro- 
vides audible stimulate and monitor 
signals for use with external ear- 
phones or accessory amplifier and 
loudspeaker. 

Westinghouse is marketing a 
transistorized Cardiac Resuscita- 
tion System consisting of a cardiac 
pacer and a bedside monitoring 
unit. Although it also generates 
periodic electrical stimuli, this sys- 
tem will respond to indications of 





heart arrest by switching the pacer 
on and by signalling an alert to the 
doctor via radio. The self-powered 
pacer, which weighs two pounds, 
generates voltages adjustable over 
a 0 to 25 volt range at an output 
current of 0.1 amperes and a pulse 
rate of 25 to 250 beats a minute. 

Two disks are clamped _ to 
patient’s chest at critical points. 
Electrodes from the pacer are 
plugged into the disks. The pacer is 
self-powered by mercury batteries 
so that it can be used in places 
where electrical outlets are not 
available. A small bright lamp that 
flashes in synchronism with pulse 
rate also serves as a performance 
guide. 

The cardiac monitor listens to 
patient’s heart beat and switches 
on the pacer immediately if the 
heart beat becomes irregular or 
stops. Built into the monitor is a 
tiny radio transmitter that broad- 
casts a coded alarm signal on the 
Citizens’ Band (27 Mc) over a dis- 
tance of 23 miles. The alarm signal 
can be picked up by a special re- 
ceiver, about the size of a cigarette 
package, carried in the doctor’s or 
attendant’s pocket. The doctor then 
tunes the patient in and listens to 
his heart beat, prescribing emerg- 
ency treatment as necessary. 

Russian workers at the Moscow 
Surgical Instrumentation Research 
Institute have developed what they 
call an electric cardiostimulator. 
The device, described as compact, 
foolproof and simple to operate, 
has a pulse repetition frequency 
that can be adjusted from 20 to 200 
pulses a minute. Electrodes can be 
applied either directly to the heart 
or sunk into the pericardium, a 
closed sac enveloping the heart. It 
is claimed the electrodes, which can 
be left in the body for years if 
necessary, can be introduced into 
the heart within 20 or 30 seconds 
in an emergency. Presumably the 
patient suffering from heart block 
can press the button on the pocket 
sized pacemaker at any moment and 
stimulate his heart at will. 


Implanted Pacemakers—Artificial 
pacemakers that are connected to 
the heart by means of wire connec- 
tions through the skin always 
present the danger of infection, as 
well as being an impediment to 
mobility. These problems are over- 
come by implanting the artificial 
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pacemaker within the chest cavity. 
Although not yet developed to the 
point where they can be used 
routinely, many implantable arti- 
ficial pacemakers have been built 
which are practical. It may only 
be a matter of a few years before 
they’re in widespread use. 

Doctors at the University of Buf- 
falo School of Medicine and the Buf- 
falo VA Hospital together with 
Wilson Greatbatch Electronics Con- 
sultants in Clarence, N. Y. have 
developed a miniaturized, implant- 
able cardiac pacemaker for long 
term correction of heart block.” " " 
Recently Medtronics has been li- 
censed to make and market the 
device (see Crosstalk, p 4). 

The pacemaker, which measures 
6 x 9 x 2 em including battery, uses 
only nine components and has an 
estimate life of 50,000 hours—or 
more than 5 years. By potting the 
unit in epoxy resin and then encap- 
sulating it in silicon rubber, satis- 
factory biological neutralism can be 
attained. A bipolar electrode is 
used because unpleasant side effects 
from monopolar electrodes due to 
rise in threshold currents with time 
have been observed. Fixed stimula- 
tion rates are between 50 and 60 
pulses a minute, the simplicity of 
device far outweighing the loss of 
adjustability of rate. 

When batteries near the end of 
their capacity, warning is given by 
a very slow rise in the pulse rate. 
The pacemaker is then replaced by 
a simple operation under local 
anesthesia without disturbing the 
electrode in the heart. This device 
has been tested for more than two 
years by the Experimental Sur- 
gical Lab of the VA Hospital in 
Buffalo. 

An implanted pacemaker which 
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uses a receiver-coil arrangement to 
receive radio waves transmitted 
through the skin externally has 
been developed by Glenn and 
Mauro.” The signal is rectified and 
the stimulus applied to an electrode 
in the myocardium. This technique 
permits the rate and amplitude of 
the stimulating signal to be con- 
trolled externally. 

A similar device, which is im- 
planted in the stomach area just be- 
low the breastbone, has been built 
by Swedish workers.” They use a 
transistorized pulse generator, pow- 
ered by rechargeable nickle-cad- 
mium cells to produce stimulating 
pulses at a rate of 80 a minute. A 
blocking oscillator and amplifier 
combination generates  two-volt 
pulses of 3 microsecond duration 
which are R-C coupled to the stim- 
ulating electrodes. Every few days 
the batteries are recharged using 
the magnetic induction technique. 

Researchers at Boston’s Beth 
Israel Hospital have also developed 
an implantable pacemaker. Highly 
stable silicon transistors are used 
together with special mercury bat- 
teries with a shelf life of five vears. 
As the batteries run down, the pulse 
rate of the patient slowly decreases 
and surgery is required to replace 
the batteries. 

Last March, GE’s Electronics 
Laboratory in cooperation with Dr. 
Kantrowitz of Miamonides Hospi- 
tal in Brooklyn surgically implanted 
their first internal pacemaker (see 
cover). External control of pulse 
rate was provided to permit tempo- 
rary increase in pulse rate for occa- 
sions when the patient is engaged 
in strenuous activities. Completely 
self-contained, the pacemaker uses 
simple circuits with high-reliability 
solid-state devices as active compo- 


Thin, stainless steel wire covered 
with plastic links externally carried 
pacemaker to heart. Necessary 
flexibility and strength has been 
built into braided wire by National 
Standard Co. for the United States 
Catheter & Instrument Corp. 
nents and batteries with lives of 
three to five years. 

Regular pulse rate is set at 65 
beats a minute. The rate can be 
increased by use of a second unit 
containing a calibrated potentiom- 
eter that can be set anywhere from 
70 to 125 pulses a minute. This 
output signal is inductively coupled 
to the pacemaker by a flat circular 
antenna which is placed over the 
implant area. 


Respirators—In recent years arti- 
ficial respirators have kept patients 
alive who would have been doomed 
to certain death but a quarter of a 
century ago. These devices provide 
or assist in providing proper venti- 


Electrical analog of natural pacemaker (left) shows that all blocking oscillators are locked to 70-cepm SA node. 
If SA signal is lost, AV node becomes free-running at 45-cpm as does the IV pacemaker. If SA and AV signals are 
lost, the IV pacemaker drives the ventricle at its 25-cepm free running rate. Electrocardiograms of patient under treat- 
ment (right) shows initial condition of only 20 heart beats a minute (A), complete heart block during Stokes-Adams 
seizure lasting 24 minutes (B) and, with Medtronic’s pacemaker attached, normal heart rate of 80 beats a minute 
restored at point shown by arrow (C) 
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Electrodes from Westinghouse’s cardiac pacer are being fitted into disks 
which will then be clamped to patient’s chest with band on left. Pulses 
generated by unit cause heart to beat at any selected rate from 25 to 250 


times a minute 
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-—Experimental model of a Russian artificial hand. 


A practical 


prosthetic device using this principle of operation would be worn on remain- 
ing portion of injured arm. Device would be operated by biocurrents com- 
ing from the central nervous system through the leftover part of severed 
muscles. Instead of hydraulic pump, compressed air from containers car- 
ried on the belt would serve as mechanical drivers 


lation on an emergency or short 
term, prolonged recovery or main- 
tenance basis. 

Three types of artificial respir- 
ation can be applied: pressure 
changes exerted primarily on the 
chest wall, abdomen or diaphram; 
pressure changes through the air- 
way; and electrical stimulation of 
the phrenic nerve in the diaphram 
through an electrode in the neck. 
The later method has limited 
because of the extremely unpleasant 
sensations experienced by the pa- 
tient.” Rocking bed, jacket and 
cabinet (iron lung) respirators are 
used to produce chest wall, abdomen 
or diaphragm pressure changes and 
have been controlled electronically 
to varying degrees. From the point 
of view of electronics the mest im- 
portant, however, is the intermit- 
tent positive pressure respirators 


use 
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in which machine or ambient air is 
introduced to the lungs through the 
air passage. The object of this type 
of ventilation is rhythmical move- 
ment of gases into and out of the 
lungs at adequate volume and opti- 
mum velocity to supply required 
oxygen and remove the necessary 
amount of carbon dioxide. 

The Barnet Ventilator, built by 
W. Watson and Sons, Ltd, a mem- 
ber of the Pye Instrument Group 
in England, uses transistorized cir- 
cuits, built-in batteries capable of 
20 hours of operation without re- 
charging, and weighs only 56 lbs.” 
The patient is connected to the de- 
vice by two plastic breathing tubes. 
Air is pumped into the lungs dur- 
ing the positive phase and extracted 
during the negative. The number 
of respirations a minute, the ratio 
of inspiratory to expiratory time 


and the volume of air entering and 
jeaving the lungs can be instantly 
and precisely adjusted within phy- 
siological limits. 

Addition of an electronic trig- 
gering device subject to any domi- 
nant rhythm between 12-60 respira- 
tions a minute increases the scope 
of the machine. This feature per- 
mits it to be used when spontaneous 
respiration is desired or on the con- 
scious patient where he can control 
its operation at will. By setting 
the multivibrator to the longest ex- 
piratory period, the patient can 
trigger the machine continuously 
and weak inspiration efforts can be 
assisted. The device is readily port- 
able and operable from the power 
line. 

The Pneumotrom, built by 
British Oxygen Gases, Ltd., in- 
corporates two switch-selected cir- 
cuits. One is a_patient-demand 
circuit which provides assisted 
respiration for the patient who can 
make a slight attempt at inspir- 
ation and is synchronized with 
patient’s rate of breathing. The 
other is automatic, giving forced 
respiration to the near moribund 
patient and permits ventilation of 
a severely paralyzed patient over 
long periods without constant at- 
tention.” 


Artificial Muscles—Replacement of 
nonfunctioning muscles with me- 
chanical devices controlled by amp- 
lified muscle potentials has been 
investigated at Vanderbilt U.“ Al- 
though originally developed to 
assist respiration of polio patients* 
the technique is now being used 
experimentally to operate artificial 
hands and arms. Electrodes in the 
arm pick up the muscle potentials. 
After amplification, these signals 
operate an electromagnetic valve 
that controls the flow of compressed 
gas from acylinder. The gas pres- 
sure pulse thus created activates a 
mechanical muscle consisting of a 
woven sleeve of fine steel wires. As 
the gas pressure increases, the 
sleeve expands in diameter. When 
the weave angle of the wires 
changes, the sleeve contracts longi- 
tudinally operating a mechanical 
brace system. 

A lightweight electronic muscle 
has been developed by Theratron 
Corp. This commercially available 
device is battery-operated, weighs 
less than eight ounces, and is worn 
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either on the belt or strapped to the 
upper leg. Reportedly it can be 
used in place of a lower leg brace 
by electronically activating muscles 
rendered useless by disease or in- 
jury. 

The Engineering Design Center 
at Case Institute of Technology is 
developing a minute wireless unit 
that is implanted in a muscle and 
which may ultimately supplant the 
present wired techniques of meas- 
uring muscle potentials. This mi- 
crominiaturized f-m unit (employ- 
ing tunnel diodes) transmits radio 
signals indicating muscle behavior 
to a conveniently located receiver, 
from inches to a few hundred feet 
away. Initially, the device will be 
implanted in animal muscle tissue 
and tested over a long period of 
time. Necessary power will be pro- 
duced by the muscle itself or sup- 
plied from an external radio source. 
It is hoped signals broadcast from 
transmitters implanted in selected 
muscles near a lost member can be 
used to operate an artificial limb. 

A similar electronic receiver is 
being developed by the Center to 
actuate a muscle which has lost its 
nervous connection to the brain. 
A computer memory will be used to 
supply signals similar to those pro- 
vided by the brain. 


Artificial 
two 


Arms — Unfortunately, 
mutually exclusive require- 
ments for developing natural func- 
tioning of an artificial arm exist 

-there should be as many non- 
patient powered motions as possible 


and yet the manipulation and con- 
trol must be kept simple. Less 
tangible but no less important are 
the human engineering factors of 
the patient’s physiological, psycho- 
logical and social problems. 

The first real attempt to develop 
an electric arm was by IBM in 
1945. Previous attempts resulted 
only in the development of crude 
electromagnetic hands.” These arms 
were not too successful because of 
excessive concentration and mental 
strain of the patient, frequent con- 
trol error and robotlike quality of 
motion. 

Researchers at the Engineering 
Design Center at Case Institute of 
Technology are working on an arti- 
ficial arm that 


by a tape recorder to 


controlled 

perform 
functions such as eating. 
Amounts of movement required by 
a normal arm to perform the act 
are first measured and_ then 
recorded on magnetic tape. When 
played back, an artificial arm is 
caused to the original 
motions. The patient will also be 
operate a small feedback 
that will permit him to 
move the artificial hand at will in 
any direction during or after arm 
movement. 

The Russians claim they have a 
device capable of operating an arti- 
ficial hand by thought control. 
Theoretically, this fantastic system 
was created in 1957 at the Central 
Scientific Research Institute for 
Prosthetics in Moscow.” The 
tem operates by strapping a metal 


can be 


specific 


reproduce 


able to 
control 


sys- 


bracket on the arm as shown in Fig. 
2. When the subject wills the hand 
to close, it supposedly does. 

The system consists of a strap 
with four electrodes, an electronic 
device to amplify and transform 
potentials to a form suitable for 
operation and a mechanism to ex- 
ecute the commands. The bracelet 
contains four small metallic-cup 
electrodes filled with a current con- 
ducting jelly. The cups are 
nected by wires to an amplifier 
from which the amplified biopoten- 
tials are fed to two half-wave recti- 
fiers. The rectified outputs enter 
an integrator whose output inten- 
sity is approximately proportional! 
to the value of the power of the bio- 
currents. This output signal is ap- 
plied to coils of electromagnetics 
controlling the choking coils in a 
hydraulic drive system. 

Cavities on each side of 
piston are fed, through separate 
channels controlled by the choke 
coils, by a pump. Transmission of 
liquid through each channel is con- 
trolled by one of two muscles in 
the subject’s arm. Movement of the 
piston from side to side causes the 
hand to open and close. 

Efforts to produce hands with a 
sense of touch are underway at the 
Institute. It is hoped the subject 
can be given a sensation of temper- 
ature, hardness and condition of the 
surface of a compressible object. 
Russians also hope to produce arms 
capable of moving at the shoulder 
and elbow joints by dint of will 
power. 


con- 
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Delivering Megawatt R-F Pulses 


Generator operating from 16 Mc to 24 Mc delivers pulsed power 


By HOMER M. HILL, JR., 


Plasma Physics Lab., 
Princeton University, Princeton, N. J. 


HIGH POWER r-f equipment is used 
to heat ionized plasma. The equip- 
ment described here produces long 
pulse power of over 1 megawatt 
without the complexities and ex- 
pense of large high-voltage and 
high-current pulsing components 
ordinarily used. 

Presently, experiments in con- 
trolled thermonuclear reactions are 
taking place at several places in the 
U.S. A portion of this basic re- 
search is devoted to the Stellarator 
approach at Princeton University 
at the Plasma Physics Lab of the 
James Forrestal Research Center. 

The Stellarator consists of a gas- 


Matching network enclosure and Stel- 
larator work coil section 
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filled nonmagnetic tube of race- 
track or figure eight configuration 
plus accessories to ionize, confine 
and heat the gas. The gas presently 
used is either helium or deuterium 
and is injected into the Stellarator 
after the tube has been evacuated 
to an extremely low base pressure. 
The problems are confinement and 
heating. Confinement is accom- 
plished by a longitudinal magnetic 
field, while heating has been at- 
tempted by a variety of methods. 

These heating methods may be 
divided into two general types. One 
is electron heating, the other, ion 
heating. In electron heating, an 
accelerating field passes a current 
through the plasma. The ion tem- 
perature is raised by collisions. The 
method is limited by the decreasing 
value of plasma resistance as tem- 
perature increases. 

Ion heating has been done by 
magnetic pumping in which the 
confining field is modulated at a low 
r-f rate and by resonant heating, 
which involves exciting the plasma 
at a rate close to the ion cyclotron 
resonance frequency. In this ex- 
perimental work, the latter method 
has produced the highest ion tem- 
perature—above 100 ev.’ 

This article describes equipment 
designed and built for resonant 
heating on the B66 Stellarator at 
Princeton. 

The ion cyclotron resonance fre- 
quency for fully ionized atoms is 

Ze B Z 


= 1.52 0? B 
2am; Los x8 A 


fo = 


where Z is the atomic number, e is 
1.60 x 10°“ coulomb, B is the mag- 
netic field in webers per sq meter, 
A is the atomic mass number, m, 
is the ion mass in Kg. 

For deuterium Z/A is approxi- 
mately 1/2, and if B is expressed 
in kilogauss the resonance fre- 
quency in Mc is close to ? B. 

The confining field on the B-66 
Stellarator ranges from 22 kilo- 
gauss to 32 kilogauss. This deter- 
mines an r-f range for ion cyclo- 
tron resonance as 16 Mc to 24 Mc. 


The field is constant over a four- 
millisecond portion of the confining 
field pulse. The constant period 
starts after a rise-time of approxi- 
mately twelve milliseconds. The 
resonance heating must take place 
during this 4-msec interval. The 
Stellarator may be pulsed at a 
maximum rate of one pulse per 
minute at maximum confining field, 
and more rapidly as the confining 
field is decreased. 

The r-f electromagnetic energy 
is coupled into the Stellarator by 
a water-cooled work coil surround- 
ing a glass portion of the Stel- 
larator tube. A tapped capacitance 
network tunes the coil to resonance. 

Since a large r-f magnetic field 
must be generated, the current 
through the coil must be large and 
the inductance as low as feasible. 
Otherwise, intolerably high  r-f 
voltages are required. The stray 
inductance must be kept low if a 
reasonable portion of the available 
volt-amperes is to be used at the 
work coil. In the B-66 installation 
the coil inductance is approxi- 
mately 0.4 wh and the stray series 
inductance is about 0.1 wh. Thus 
voltages of the order of 50 Kv must 
be generated, only 80 percent of 
which appears across the work coil. 
The coil v-a are thus only 64 percent 
of that available from the source. 

Loading effect of the plasma is 
variable with time and with ma- 
chine parameters such as gas pres- 
sure, confining field strength and 
impurity level. Thus, it is neces- 
sary to provide an adjustable im- 
pedance matching network between 
the coil and the generator. The 
tapped capacitance network of Fig. 
1A is used. The capacitors are vac- 
uum variable types. This network 
matches the input to a 50-ohm 
source over a relatively large range 
of frequency and loaded Q of the 
work coil. 

The capacitors are mounted in 
a cylindrical silver-plated brass 
container over the work coil section 
of the Stellarator. The enclosure 
and the coil section are pressurized 
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For Resonant Heating of Plasma 


that provides resonant heating of plasma in a Stellarator 
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FIG, 1—Network (A) adjusts for variable loading effect of plasma. Power division is related to Q of work coil (B) 


and filled with sulfur hexafluoride 
to insure maximum resistance to 
high r-f voltage breakdown. 
Resonant frequency of the work 
coil circuit is affected by the pres- 
ence of the plasma. Thus it is not 
possible to maintain resonance both 
prior to breakdown and _ after 
breakdown. The capacitors are 
normally adjusted for resonance 
after ionization. However, under 
some operating conditions the r-f 
voltage before ionization is not 
sufficient to start the breakdown. 
Then the circuit is tuned slightly 
off the plasma resonance. No at- 
tempt has been made to alter tun- 
ing during the r-f pulse interval. 
Relations existing at the out- 
put circuit for matched load and 1 
megawatt input at 24 Mc are shown 
in Fig. 1B. Curves for fre- 
quencies ranging from 16 Mc to 
24 Mc are similar except for ab- 
solute values of coil current and 
the two capacitors if the unloaded 
coil Q is assumed nearly constant. 
Operation at high loaded Q with 
full input results in voltage limita- 
tion such that at 24 Mc the 120-Kv 
rating of the vacuum capacitors of 
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FIG. 2—Pulses from Stellarator timer determine pulse duration 


C, is exceeded for Q values greater 
than 100. At 16 Mc, operation with 
full input is possible with Q values 
up to 150. 

The curves of Fig. 1B are plotted 
from calculated values and do not 
include stray shunt capacitance ex- 
isting directly across the work coil. 
In practice the voltage limitation 
is somewhat worse because of the 
higher apparent inductance. This 
also results in lower C, and C, 
values to maintain resonance. 

Figure 2 is a block diagram of 
the pulsed r-f generator. The gen- 
erator operates over a frequency 
range of 16 Mc to 24 Me and can 
deliver over 1 Mw into a 50-ohm 
resistive load. Pulse duration may 
be varied from about 20usec to 15 


msec by pulses from the Stellarator 
electronic timer. 

The final amplifier is an RCA 
super-power water-cooled, shielded- 
grid beam triode, type 6949. The 
tube has a rated plate dissipation 
of 400 Kw and a peak emission of 
300 amp at rated filament tempera- 
ture. Peak emission is over 450 
amp at increased filament tempera- 
ture and decreased life. 

The tube is operated as a class C 
r-f amplifier at d-c plate voltages 
of from 10 Kv to over 30 Kv. Plate 
voltage is supplied from a capaci- 
tor-bank and d-c grid bias is ad- 
justable from 0 to —2 Kv. 

Features of the tube include a 
system of electron-optical focused 
beams and shielded-grid construc- 
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FIG. 8—Filament of 6949 amplifier 
consumes 8 Kw 


tion. The small grid-plate capaci- 
tance and low drive power require- 
ment make the tube suitable for 
operation over an extended fre- 
quency range under variable loads. 

Using lumped inductance in the 
plate output circuit of the 6949 
is not feasible at frequencies above 
a few Me of the tube’s 
physical size and the low values of 
inductance required for optimum 
loaded tank circuit impedance. At 
24 Mc, about 0.15 uh is the maxi- 
mum useable inductance for reso- 
nance with the tube and stray cir- 
cuit capacitances. Thus a shorted 
coaxial line is used as the plate tank 
inductor (Fig. 3). This line con- 
sists of a 27-in. diameter outer con- 
ductor and a 15-in. diameter inner 
conductor and has a maximum effec- 
tive length of approximately 42 in. 
The line is tuned to quarter-wave 
resonance with three vacuum-vari- 
able capacitors. The inner conduc- 
tor of the cable is connected to the 
6949 plate connector through 10 
stacks of 20 Kv ceramic capacitors. 
Each stack contains two 500-pf 
capacitors, resulting in a total value 
of 2,500 pf for the blocking capaci- 
tance. The d-c supply voltage is 
shunt-fed through the center of the 
inner conductor. -A shorting disk 
with spring finger contacts pro- 
vides for changing the line length. 
Unloaded Q of the shorted line is 
over 10,000. 

The r-f output is taken from a 
variable tap on the inner conductor, 
through the outer conductor wall to 
a 4 wavelength of RG 19 A/U trans- 
mission line. A spring strip main- 
tains contact with the 
ductor wall the 
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. 4—Low-level unit has pulse-forming circuit and provides gated r-f 


changes. Contact to the inner con- 
ductor by spring-loaded shoes 
against a flat portion of the con- 
ductor wall. 

The grounded beam-forming 
structure of the 6949 causes the in- 
put capacitance of the tube to be 
relatively high. This value, about 
1,350 pf, results in a large circulat- 
ing current in the input tank cir- 
cuit. Furthermore, the inductance 
to resonate this capacitance at 24 
Mc is only about 0.03 uh. There- 
fore, a resonant ~ network is used 
between the driver and the grid of 
the final amplifier. The network 
consists of a variable inductance 
coil and two variable vacuum ¢a- 
pacitors, allowing adjustment of 
the matching over the frequency 
range. Bias is supplied to the 6949 
grid through an r-f choke. 

The high plate voltage used with 
the 6949 and the low-impedance 
energy storage features of the plate 
power supply high- 
speed protection against prolonged 
high currents resulting from 
ternal tube breakdowns. This 
done by connecting a low resistance 
(about 0.05 ohm) between the 
negative terminal of the d-c stor- 
age supply and the tube, using the 
fault-current voltage it to 
initiate the firing of an ignitron to 
crowbar the storage bank. The sys- 
tem used removes the supply volt- 
age within 10 after a fault 
starts. 

A demineralized water system 
supplies cooling water for the 6949. 
Interlocks and flow sensing devices 
prevents tube damage from inade- 
quate water flow. 

The final amplifier is driven by 2a 


is 


necessitates 


in- 


is 


across 


pwSeC 


type 6806 water-cooled beam power 
tube. This tube, capable of 40 Kw 
output, is usable into the uhf range. 
Advantages of the 6806 for this 
application are its high perveance, 
small size and freedom from neu- 
tralization problems. The 6806 also 
features electron-optical principles 
that result in low drive-power re- 
quirements. The tube operates at a 
d-c plate voltage of 8 Kv, a screen- 
grid voltage variable from 0.5 Kv 
to 1 Kv and a fixed bias of —175 
volts. The two-section filament has 
its center connected to r-f ground. 
A two-phase transformer supplies 
filament voltage—1.35 v, 1,000 amp 
per section. Water-cooling require- 
ments are satisfied from the water 
supply for the final amplifier. The 
tube and circuit components are 
mounted in a silver-plated brass 
cylindrical enclosure. 

Drive for the 6806 is supplied by 
a commercially available r-f power 
amplifier capable of 1-Kw output 
when excited with 20 watts over a 
frequency range of 3.5 Me to 30 
Mc. This amplifier has adjustable 
input and output matching net- 
works. 

The amplifier stages have no 
pulsing circuits in them. These 
stages are all supplied with fixed 
d-c voltages and draw no cathode 
current in the absence of r-f drive. 
Furthermore, the d-c operating po- 
tentials do not change in the pres- 
ence of r-f drive. All pulsing is ac- 
complished at an r-f power near 1 
w. This does away with the high- 
voltage high-current equipment usu- 
ally required for pulsing the high 
level stages of an r-f amplifier. 

The commercial r-f power am- 
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plifier is driven from the circuit 
shown in Fig. 4. In this unit, ON 
and OFF pulses from the Stellarator 
electronic timer are applied to the 
grids of V,, and V,,. The ON pulse, 
after being inverted by V,,, trig- 
gers univibrator, V., and V.,. The 
positive pulse from the plate of V., 
is applied through the cathode fol- 
lower V,, to the grid of the second 
section of V, which 
coupled r-f amplifier. 


is a cathode- 
This ampli- 


fier is excited from the crystal-con- 


trolled oscillator-doubler, V,. When 
the grounded (to r-f) grid of V 
is made positive enough, r-f output 
appears at its plate and excites am- 
plifier V,. An OFF pulse from the 
timer is inverted by V,, and turns 
univibrator V., returning the 
grid of V., to its original biased 
state and removing the r-f drive 
from all succeeding stages. The 
of a univibrator insures that 
r-f pulse duration cannot be 
longer than a preset value even if 
no OFF pulse is received. 
Performance tests with the 
equipment operating into a dummy 
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turns around resistor R, 


load indicated a maximum of close 
to 1.4 Mw peak power out at a d-c 
plate voltage of 20 Kv. The load 
consisted of 500-ohm noninductive 
wirewound parallel. 
It was possible to adjust the load 
to a value of 52 + j3.1 ohms at 16 
Mc using a vacuum variable capaci- 
tor in shunt. 

Figure 5 shows the generator 
performance as a function the posi- 
tion of the plate tank tap. Maxi- 
mum output occurs at about 0.6 of 
line length from the shorted end. 
This corresponds to the design cal- 
culations that call for a loaded tank 
impedance of 126 ohms and a 50- 
ohm load. 

Operation at higher plate volt- 
ages and rated filament voltage in- 
dicates that the 6949 becomes emis- 
sion limited at 22 Kv. At elevated 
filament temperature, increased 
power output is available. How- 
ever, operation into the dummy load 
at higher power was impossible be- 
cause of load-resistor limitations. 

Oscillograms of the r-f pulse at 
the Stellarator work coil for two 


resistors in 
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performance peaks 
at 0.6 line length 
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scale is 20 Kv/div; 
horizontal, 500 
usec/div 


different confining field strengths 
are shown in Fig. 6. The r-f volt- 
age at the beginning of the pulse 
is low because the gas has not yet 
ionized and the work not 
resonant with the capacitance 
across it until the breakdown oc- 
curs. After ionization the r-f volt- 
age increases sharply. The pulse 
envelope variations of both oscil- 
lograms are caused by resistive 
loading of the plasma during the 4- 
msec heating period. 

The entire r-f generator is in a 
shielded enclosure. Power supplies, 
with the exception of the 6949 
plate supply, are in a_ smaller 
screened enclosure. 
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Transient Recorder Monitors 
Power Lines to Protect Circuits 


Continuous monitoring of nominal line voltage, and recording of 


all overvoltage transients makes possible protection of electronic 


equipment connected to line 


By FRANK TRAINOR, 
Engineering Dept. 
Admiral! Corp., Chicago, Ill. 


ELECTRONIC EQUIPMENT connected 
to power sources common to elec- 
trical machines may be subjected 
to overvoltage transients capable of 
destroying components and _ inter- 
fering with operation. Semicon- 
ductor voltage limits are rigid, and 
may not be exceeded by transient 
pulses of even short duration. A 
single transient can destroy a sili- 
con rectifier or transistor. The use 
of expensive semiconductor com- 
ponents therefore, imposes the re- 
sponsibility for protection against 
stray transients on the equipment 
designer. 

The design engineer has under 
his control all circuit elements that 
generate transients except the 
power source. Transients generated 
within equipment can be antici- 
pated and compensated for. Limit- 
ing diodes may be connected across 
inductive elements, while switching 
transients can be eliminated by 
Transients pro- 
duced beyond the equipment, in the 
power source, are unkown quanti- 
ties, unless a particular study is 
made. Even shipboard or aircraft 
power sources can generate tran- 
sients of unknown amplitudes. 

Although a power 
source can not be made to represent 
all possible field sources to which 
equipment may be_ connected, 
knowledge gained from simulated 
conditions in the lab can be useful 
in prescribing corrective measures 
for field sources. Conventional dis- 
play equipment, such as an oscillo- 


many techniques. 
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FIG. 1—Block diagram 


(B) 


(A), and characteristic 


wave- 


forms (B) show recorder operation. Unit will record only 
transient B, having peak greater than preset bias level 


scope, is useless for detecting ran- 
dom transients. A  synchroscope 
with a long-persistence screen can 
be used in certain cases, but it does 
not provide a permanent record of 
data. What is device 
that responds to a single transient, 
and leaves a permanent record of 
the time and frequency of occur- 
rence. 


needed is a 


The transient recorder described 
here responds to a single pulse hav- 
ing a rise time of 1 usec. 
records the 
line voltage, 
rms values. 

Operation is illustrated in Fig. 1. 
An isolation transformer and bridge 
rectifier drive a strip chart recorder 
that writes the rms of the 
line voltage. pulses 


It also 
average value of the 
which may be read as 


value 
Transient 


greater than a preset trigger level 
pass through a diode gate and trig- 
ger a monstable multivibrator. Out- 
put of the multivibrator is a cur- 
rent pulse that drives the chart 
recorder pen. 

Trigger level is set by an adjust- 
able bias supply in series with the 
bridge rectifier output, the diode 
gate and the multivibrator trigger 
input. 

The center scale position of the 
recorder pen represents nominal 
line voltage; slow excursions of the 
line voltage are recorded as a con- 
tinuous trace. Multivibrator cur- 
rent pulse output drives the pen to 
full-scale deflection. Recovery time 
of the pen after a transient trace is 
fast enough to cause rise and re- 
covery traces to overlap. 
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FIG. 2 Schematic of line transient 


? ecorder. 


Calibration 


voltmeter is 


used only during preliminary adjustment 


illustrates the 
scheme of bias setting correspond- 
ing to a typical silicon rectifier in- 
verse voltage rating, in terms of a 
118 v, 60 eps line. The usual over- 
voltage transients observed on a 
power line are damped oscillations. 
Of interest is the maximum instan- 
taneous value of peak line voltage 
plus transient peak. The recorder 
does not write succeeding peaks in 
an oscillation, or even pulses recur- 
ring at the line frequency. The 
multivibrator relaxes after each 
trigger and recycles as often as 
trigger pulses are present. Thus, a 


Figure 1 also 


series of overlapping sweeps would 
indicate a burst of transients last- 
ing for the time traced on the chart. 


Referring to the schematic in 
Fig. 2, tube V, is normally conduct- 
ing and holding off V. by the bias 
developed across the common cath- 
ode resistor. When a_ negative- 
going trigger pulse is applied to 
V, grid, V. cathode current through 
the cathode resistor drives V, to cut 
off. V. plate current is supplied by 
capacitor C,, which has a return 
path to cathode through the re- 
corder armature. Width and ampli- 
tude of the recorder wave are 
determined by the setting of po- 
tentiometer R.. 

When R, is adjusted, the recorder 
pen sweeps to full scale without 
striking the mechanical stop. The 
recharging time of C, is 8 seconds. 
Pulses recurring within the 8-sec- 
ond period write correspondingly 
shorter pen strokes. 

Transformer T,, a 2:1 step down 
unit chosen for design convenience, 
reduces the bias supply require- 
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ment. Bias adjustment range is 
90 to 145 volts. The transformer 
has an electrostatic shield between 
windings to prevent coupled tran- 
sients from triggering the multi- 
vibrator. 

To calibrate the instrument, two 
measurements are made, after 
which the bias meter readings will 
have a linear relationship to line 
voltage peaks. First, the instru- 
ment is connected to the power line 
through a variable transformer 
with a line-voltage meter across the 
transformer. An a-c calibration 
vtvm, is connected across the recti- 
fier output, as indicated in Fig. 2. 
The rectified peak voltage is read 
directly on the p-p scale of the 
vtvm with the line voltage set to 
exactly 118. 

With the line still set at 118, bias 
adjustment potentiometer R, is ad- 
justed until the multivibrator trig- 
gers on rectified sine-wave peaks. 
The critical bias for triggering on 
the equivalent of 118 v line peaks 
is indicated by the bias meter. 

To complete the calibration, R, is 
adjusted to provide the proper re- 
corder pen sweep and R, is set to 
bring the recorder pen to half-scale 
when the line voltage is 118 v. 

The relationship between bias 
meter readings and line voltage 
peaks is as follows: trigger thresh- 
old is reached when, 


Ewt+E,+E,—E,—E-—E,=0 (1) 
where, E,,, = rectified peak voltage 
for 118 v line, F, = transient peak 
votlage or overvoltage, FE, = fore- 
ing bias on V, grid, E, = gate diode 
forward voltage, E. = V, trigger 


voltage, E, = bias voltage. 
E, = Ex + E,.+E,-—Ea-—E. (2) 
E,' = Ey + E, — Ea — E. (3) 
where E,’ = critical bias for 118 v 
line with FE, = 0. Subtracting (3) 
from (2), E, — E,’ = E,. Over- 
voltage E, may be expressed as a 
percentage of E,, determined by 
the derating factor of any design 
problem. A 105-v overvoltage allow- 
ance, for example, would be called 
a derating factor, D, of 0.9. 
Therefore 
E,.=Ep/D—-—Ep= 
Ey (1/D—1) (4) 
and E,=EF,'+£,, (1/D—-1) 5) 


E.,’ and E,, have been measured and 
will remain constant unless compo- 
nets are changed. 

The foregoing derivation 
sumes that a transient is repro- 
duced without distortion in the rec- 
tifier output, despite frequency 
limitations of the transformer. In 
this device, only transients that 
normally appear on the secondary 
of a power transformer are _ in- 
tended to be recorded. The tran- 
sient response of transformer T, 
need not be better than the response 
of the transformer used in the 
equipment being protected. 

In analyzing results, note the line 
voltage at the time a transient is 
indicated. A transient recorded 
when line voltage is high might go 
undetected when line voltage is low. 
No single monitoring test can pro- 
duce conclusive results. It is best 
to plan a series of tests beginning 
with the bias set very close to the 
nominal line peak voltage, and to 
increase the bias in smal] incre- 
ments for each successive test. 

This transient recorder was used 
to monitor the power lines in the 
Reliability Laboratories of Admiral 
Corp. prior to tests of a system em- 
ploying hundreds of silicon recti- 
fiers. After some 200 hours of 
monitoring, the cause of overvolt- 
age transients was traced to the 
switching of environmental cham- 
ber compressor motors. Although 
these motors were supplied from a 
common distribution transformer, 
the monitored line was a separate 
circuit. 

Comparison of the transient am- 
plitudes to the derating factors of 
the system components assured an 
ample safety margin. 


as- 








By JOHN H. KUCK, 


Applied Physics Laboratory, 
The Johns Hopkins University, 
Silver Springs, Maryland 


THE SUPERREGENERATIVE amplifier 
can achieve high gain with a single 
stage. Since it is inherently a gated 
device, and is sensitive for only 
a short time at the beginning of 
each oscillation interval, it is use- 
ful for applications requiring a 
gated receiver for pulsed signals. 

However, if no age circuit is pro- 
vided, this amplifier requires criti- 
cal adjustment and will give linear 
amplification of only a narrow 
range of input signal levels. This 
has limited its usefulness as an r-f 
or i-f amplifier. 

Previous age circuits" * that con- 
trolled the grid bias, d-c anode 
voltage or amplitude of the quench 
voltage, affected the bandwidth and 
the duration of the gating interval. 
This age circuit transforms the 
superregenerative amplifier into a 
noncritical circuit that is stable 
for long periods. Because the gain 
can be adjusted, it can accept a 
wide dynamic range of input sig- 
nal levels without saturation, thus 
permitting linear detection and 
substantially constant output. One 
disadvantage is that the amplifier 
is inherently a gated device. While 
it can handle c-w input signals, the 
circuit produces an output that 
consists only of amplified and 
stretched samples of the input. The 
gaps between the sampling inter- 
vals must be large compared with 
the duration of the sampling in- 
terval, to allow time for the build- 
up and decay of the oscillations 
after each sample. In addition, 
amplifier selectivity will not be as 
good as that of a conventional 
multistage i-f amplifier unless a 
bandpass filter having a sharp cut- 
off is provided in the amplifier in- 
put. 

The most likely applications are 
in miniaturized equipment such as 
i-f, r-f or microwave amplifiers for 
satellites, beacons, missile guidance 
and tracking circuits where sim- 
plicity and reliability are impor- 
tant. The design of transistor 
superregenerative amplifiers using 
this age principle is simple. As 
it is difficult to obtain satisfactory 


76 














—™~ 7,5K 
—| 0.07 


R-F INPUT 























TRIGGER 
INPUT 


Si uSE 





K =X 1,000 



































FIG. 1—Grid-pulsed supperregenerative amplifier V, is controlled by pulse 
generator V, and V; which are controlled from an external pulse source 


Automatic Gain Control 


This circuit enables a superregenerative amplifier to 
operate stably over long periods of time while maintain- 
ing output pulses substantially constant over a 90-db 
dynamic range of input signals 


performance in more convention- 
ally designed transistorized i-f am- 
plifiers having wide-range agc be- 
cause of the influence of the gain 
control voltage on the transistor 
parameters that affect the ampli- 
fier bandwidth, this age circuit 
could find application in  tran- 
sistor equipment. 

The circuit can also be used to 
apply pulse modulation to klystrons 
or magnetrons. If such an oscillator 
is placed in the pulse-width-con- 
trol age loop, the pulse amplitude 
may be modulated by injection of 
the modulating signal into the loop 
at the point where the threshold 
control voltage is introduced. A 
low-level, constant amplitude r-f 
signal should also be injected into 
the r-f input to elminate pulse jit- 
ter that is present if the oscillator 
is allowed to start on noise. 

There has been increasing inter- 
est in experimentation with the ap- 
plications of the principle of super- 
regenerative amplifiers in travel- 


ing-wave tubes, klystrons, and the 
newer semiconductors devices such 
as parametric amplifiers, tunnel 
diodes and masers**. This method 
of age should be applicable to these 
devices. The circuit is not re- 
stricted to simple rectangular-pulse 
quench voltage waveforms, but 
could also be applied in the more 
optimum waveform discussed by 
Bradley’ in which a step occurs 
ahead of the keying pulse. This 
step provides a long listening in- 
terval at zero damping ahead of the 
buildup period and improves the 
signal-to-noise ratio. 

The age circuit features gain 
control by control of the width of a 
rectangular keying pulse that turns 
the superregenerative oscillator on 
and off. This circuit converts the 
superregenerative amplifier into a 
stable device that will operate in 
the linear mode without critical ad- 
justments and will permit linear 
detection of signal modulation over 
a wide range of input signal levels. 
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60 LSEC 
(A) WITHOUT SIGNAL 


(B) WITH 50 MV, CW INPUT 


FIG. 2—Effect of r-f input signal 
on the grid pulse of the amplifier 


= 2703 ,SEC 


FIG. 3—Grid pulse of narrowband circuit without an input signal showing 


solid band of noise 


for Superregenerative Amplifiers 


Satisfactory age 
experimentally demonstrated 
input signals having a 
range as great as 90 db. 

With this automatic gain control, 
the bandwidth and shape of the fre- 
quency response curve and the gate 
rejection characteristic are rela- 
tively independent of input signal 
level. The flexibility of the circuit 
has been demonstrated by its ap- 
plication to grid and plate-pulsed 
oscillators at 150 Me and to a kly- 
stron oscillator at X-band. 

A pulsed superregenerative am- 
plifier, operating in the linear 
mode, is an oscillator that is gated 
on by a keying pulse sufficiently 
short that the oscillation amplitude 
does not have time to build up to 
saturation level during the on-time. 
Thus, the peak amplitude to which 
the oscillation builds up is directly 
proportional to the amplitude of 
any externally applied signal exist- 
ing in the tank circuit during a 
short interval. This interval lasts 
from the instant the keying pulse 
is first applied until the oscillation 
has built up to an amplitude which 
is large compared to that of the 
external signal. 

The oscillator is a high-gain am- 
plifier for signals present during 
the sensitive interval and the maxi- 


action has been 
for 
dynamic 


July 21, 1961 


mum amplitude of oscillation in- 
creases exponentially with on-time. 
If amplifier gain is defined as the 
ratio of the maximum amplitude of 
buildup to the amplitude of the 
initiating signal, the gain in deci- 
bels is a linear function of the on- 
time. If the keying pulse is sup- 
plied from a pulse generator so 
that the pulse width can be varied 
by a control voltage, a gain-control 
mechanism is available that can 
vary the amplifier gain over the 
full range from unity to maximum 
gain. 

If the peak amplitude of the 
oscillation is detected, filtered am- 
plified, and then used as the pulse- 
width control voltage input to the 
keying pulse generator, an age loop 
is formed. This loop will hold the 
average level of the output very 
nearly constant while the average 
input signal level is slowly varied 
over a wide range. Signal modula- 
tion at higher frequencies than 
those to which the age circuit re- 
sponds will appear unattenuated in 
the detected output, just as in a 
conventional age amplifier. 

Figure 1 is a schematic of one of 
the circuits that has been experi- 
mentally demonstrated. Filtering 
and amplification of the detected 
output is accomplished by a d-c 


amplifier connected as an_ inte- 
grator. The integrator contains a 
diode limiter in the feedback cir- 
cuit to prevent the integrator out- 
put voltage from going negative. 

A reference voltage of opposite 
polarity from the detected out- 
put voltage is added to the inte- 
grator input. This voltage deter- 
mines the threshold level of de- 
tected output above which age ac- 
tion begins. If the incremental 
open-loop gain of such an age loop 
is high, the average detected out- 
put will remain nearly constant at 
this threshold value, even though 
there are large variations of input 
signal above the threshold level. 
When the detected output is below 
the threshold, the diode limiter in 
the integrator feedback circuit 
clamps the integrator output and 
prevents age action from taking 
place. 

The circuit shown in Fig. 1 
shows a loop containing a 150 Me, 
grid-pulsed superregenerative oscil- 
lator. The oscillator is a Colpitts 
in which the interelectrode capaci- 
ties of oscillator V, form the ca- 
pacitive portion of the tank cir- 
cuit. Positive polarity keying 
pulses from the _ variable-width, 
keying-pulse generator are injected 
into the grid circuit. Negative 
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pulses of detected output voltage 
proportional to the amplitude of 
the oscillation pulses are also pres- 
ent in the oscillator grid circuit as 
a result of the increased grid cur- 
rent caused by the oscillation. 
The summation of the positive 
keying pulse and the negative de- 
tected output pulse produce the 
waveform shown in Fig. 2 at the 
input to cathode follower V.. The 
cathode follower is coupled to diode 
V., which functions as a peak recti- 
fier and pulse stretcher for the neg- 
ative detected output pulses. The 
stretched, negative output pulses 
are amplified and filtered by the 
d-c integrating amplifier, and the 
resulting d-c voltage is used as the 
control voltage input to the vari- 
able-width, keying-pulse generator. 
Pulse generator V, and V, con- 
two thyratrons triggered 
from a multivibrator not shown in 
Fig. 1. The trigger is a rectangu- 
lar pulse with a width of 17 usec, 
an amplitude of 90 v and a repeti- 
tion frequency of 1 Ke. Because of 
different R-C time delays and grid 
biases of the two thyratrons, they 
fire at different times after the 
start of the trigger pulse. In nor- 
mal operation, V, fires first and 
generates a positive step voltage 
the load impedance in its 
cathode circuit. This positive step 
has a slow decay time compared to 
the keying pulse width. The subse- 
quent firing of V, generates a nega- 
tive step across the same load im- 
pedance terminating the keying 
Firing time of V, is varied 
by the pulse width control voltage 
coupled into the grid circuit of this 
stage. A clipper circuit in the out- 
put of the thyratron generator clips 


tains 


icross 


pulse. 


the top of the keying pulse and 
gives it a flat top. Clipper circuit 
bias is supplied from an external 
battery. 

The output of the thyratron 
pulse generator is coupled to the 
grid circuit of the superregenera- 


tive oscillator to close the age loop. 
When the amplitude of the detected 
output from the superregenerative 


this increase 
is carried around the loop to the 
control input of the thyratron pulse 
response to the 
change in control voltage, the thy- 
ratron generator reduces the width 
of its output pulse and this, in 
turn, reduces the peak amplitude to 
which the superregenerative oscil- 


oscillator increases, 


generator. In 
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lation pulses build up. 

Figure 2 shows the grid voltage 
pulse of the superregenerative 
oscillator at the input to cathode 
follower V.. Without an input sig- 
nal, the inherent noise in the oscil- 
lator causes the output to fluctuate 
and two horizontal lines appear in 
the region following the positive 
pulse—one at the maximum and 
one at the minimum level of the 
negative detected output voltage 
as shown in Fig. 2A. The mean 
frequency of occurrence of inter- 
mediate values of output between 
the two limiting levels is not high 
enough to register these traces on 
the photograph. 

The application of the r-f input 
has a quieting effect on the super- 
regenerative oscillator, and a single 
output level is obtained as shown 
in Fig. 2B. 

During the experimental work 
on the superregenerative oscillator, 
difficulty experienced with 
shock excitation of the oscillator 
by the keying pulse. When this con- 
dition is present, the sensitivity of 
the oscillator to small signals is 
reduced. The effect is accompanied 
by the characteristic that as the 
input signal level is increased, the 
output noise level increases to a 
maximum and then decreases, in- 
stead of decreasing monotonically. 
Considerable work spent on 
the input filtering network to mini- 
mize the shock excitation effects. It 
was found that the desired condi- 
tion of level decreasing 
monotonically with increasing sig- 
nal level could be achieved, and 
that this condition coincided with 
maximum sensitivity. 

The oscillator shown in Fig. 1 
operated at 150 Mc. A narrow- 
band, grid-pulsesd oscillator, oper- 
ating at 183 Mc was also tried. The 
narrow bandwidth was obtained by 
a low-inductance, high-Q tank 
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FIG. 4—Agce voltage change plotted 
against amplitude for a wideband 
grid-pulsed amplifier 


circuit. External capacitors of 50 
and 15 pf were placed in parallel 
with the internal grid-to-cathode 
and plate-to-cathode capacitances 
of the oscillator tube respectively, 
to obtain operation in about the 
same frequency range as the wide- 
band circuit. The appearance of 
the grid pulse of the narrowband 
circuit, shown in Fig. 3, is different 
from that of the wideband circuit 
in that the region between the 
maximum and minimum output 
levels is filled in with a solid band 
of noise. 

The performance of the age loop 
of the wideband circuit is indicated 
by Fig. 4, which shows the change 
in age voltage at the integrator 
output as a function of the ampli- 
tude of the applied r-f signal. The 
curve is linear over the measured 
range of 50 db. With the narrow- 
band circuit, an age range of 90 db 
was measured. 

The input signal required to re- 
duce the noise voltage in the de- 
tected output to one-half of its 
value in the absence of signal is a 
measure of the input noise and an 
indication of the sensitivity of the 
circuit as a receiver. The c-w input 
to produce this effect is estimated 
to be about —80 dbm. This figure 
is uncertain because the input im- 
pedance of the superregenerative 
amplifier is unknown. However, 
—80 dbm is the power that the 
signal generator would have de- 
livered to a matched load, if this 
had been substituted for the re- 
ceiver after the signal generator 
output voltage was adjusted to the 
level that reduced the output noise 
voltage of the superregenerative 
amplifier to half-amplitude. 

Figure 5 (left) is the gate re- 
jection of the wideband, grid-pulsed 
circuit. This curve shows the re- 
sponse of the circuit to a pulsed r-f 
input as a function of the time of 
occurrence of the signal pulse, 
measured from the time of initia- 
tion of the superregenerative am- 
plifier. The curve illustrates the 
gating action of the superregenera- 
tive amplifier. The ordinate is 
plotted in terms of equivalent ¢-w 
input, which was determined from 
the age voltage with Fig. 4. 

The ratio of the slopes on the 
leading and trailing sides of the 
gate rejection curve is subject to 
control by oscillator loading adjust- 
ment C, which couples the oscil- 
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FIG. 5—Gate rejection curve of wideband, grid-pulsed superregenerative amplifier (left), frequency response of a nar- 
row-band circuit to c-w input signals (center) and frequency response of a plate-pulsed superregenerative amplifier 


(right) 


lator grid to resistor R, in the in- 
put network. Increasing the load 
on the oscillator reduces the build- 
up rate and increases the decay rate 
of the oscillator. This reduces the 
slope on the signal advance side of 
the gate rejection and in- 
creases the slope on the other side. 

Figure 5 (center) shows the 
frequency response of the narrow- 
band circuit. Each curve was taken 
with constant output (constant age 
voltage) and variable input ampli- 
tude. The two frequency-response 
curves for different age voltage 
levels have the same shape and 
bandwidth. This illustrates one of 
the advantages claimed for this 
method. 

The lower curve (age = 25 v), 
which was plotted over a wider fre- 
quency range than the upper one, 
shows a null and a subsidiary peak 
on each side of the main peak. 
These seemed to be characteristic 
of the frequency response of the 
superregenerative amplifier cir- 
cuits that were tried. During the 
experimental work it was possible 
to observe multiple nulls and peaks 
at regularly spaced intervals in the 
skirts of the response curve. These 
may be due to a beat between the 
input signal and the natural fre- 
quency of the oscillator during 
buildup. This seems likely, since 
the constant output method of tak- 
ing the frequency response curve 
required large input signals to ob- 
tain the skirts of the curve. These 
signals could be large enough to 
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induce a_ steady-state input fre- 
quency component in the oscillator 
tank circuit of large enough am- 
plitude to beat with the natural 
oscillator frequency component at 
the end of buildup. The effect on 
the amplitude of output at this 
instant would depend on the rela- 
tive phase between these two sig- 
nals. Assuming that the two sig- 
nals are in phase at the beginning 
of buildup, the phase difference at 
the end of buildup will be a linear 
function of the input frequency, 
the constant age voltage 
would keep the width of the keying 
pulse constant. 

A plate-pulsed version of the 
wideband oscillator circuit was also 
tried in the age loop. The results 
were similar to those obtained with 
the grid-pulsed circuit, except that 
the age voltage versus db of input 
signal curve was slightly nonlinear. 
The input noise level, measured as 
previously described, was —86 dbm. 

5 (right) shows the re- 
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Figure 5 
sponse curve of this amplifier which 
shows the same subsidiary side 
lobes as Fig. 5 (center). Band- 
width between 3-db points is 3.5 Me. 

A modulated c-w input signal 
was also applied to the wideband 
plate-pulsed oscillator circuit. The 
modulation frequency of 30 cps 
was well above the corner fre- 
quency of the agc loop so that the 
modulation could be recovered at 
the detector output. With the 
modulation percentage held con- 
stant as signal level was varied, 


the amplitude of the recovered 
modulation envelope did not vary 
more than ten percent over an in- 
put range of 66 db. 

An X-band 2K25 klystron with 
a microwave crystal detector was 
also operated in the age loop as a 
superregenerative amplifier. The 
age voltage versus db of input sig- 
nal curve was measured and found 
to be linear over a 40-db range. The 
input noise level was 44 dbm, and 
the bandwidth was 35 Mec. Noise 
level and bandwidth measurements 
were made on two type 290 
klystrons. Values of —53 and —61 
dbm and 38 and 27-Mc bandwidth 
were obtained. 

This work was supported by 
Navy Contract Nord 7386. 
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Smith-Diagram Display Unit Uses 


Designed for research and production of microwave components 


and semiconductors, this broadband electronic unit rapidly meas- 


ures impedances and displays them on a cathode-ray tube 


ig 


Author measures varactor quality (variation of capacitance with bias) 
with 6-Ge broadband impedance display unit 


\ BROADBAND automatic Smith dia- 
gram unit has been developed to 
display microwave impedances di- 
rectly. It uses a phase directional 
coupler.’ The unit features high 
precision and simplicity of con- 
struction. The display unit is used 
not only in production of and re- 
search in waveguide components, 
but also in semiconductor produc- 
tion. 
wave 


Because it 
impedances 


measures micro- 


rapidly at low 














FIG. 1 


power levels, such as —30 dbm, this 
equipment finds use in measure- 
ment of parametric diodes, varac- 
tors, Esaki diodes, and so forth. 

The precision of measurement 
obtained by experiments in the 6-Gc 
and 11-Ge band is: 

(1) percentage error of | R 
less than +2 percent over 10-per- 
cent bandwidth; (2) phase angle 
error Ay: less than +2 deg over 10- 
percent bandwidth; and (3) resid- 


ual vswr: less than 1.005 over 
10-percent bandwidth, where the 
measured reflection coefficient is 
R = |R| * exp ‘jy). 

Although the majority of experi- 
mental work has been done in 
WRJ-6 (6-Gce band) and WRJ-11 
(11-Ge band) waveguides (TE,, 
mode), the results are equally ap- 
plicable to rectangular waveguides 
of any frequency, for instance the 
S and K bands. 

The important part of this equip- 
ment is the waveguide coupler. It 
is called a phase directional coupler. 
This coupler consists of two rec- 
tangular waveguides that intersect 
at right angles, with their broad 
walls in close contact. Through the 
common wall there is a coupling 
slot, whose center is on the com- 
mon diagonal at the center of the 
circularly polarized magnetic field. 
This slot can be rotated about its 
center at high speed by a synchron- 
ous motor (Fig. 1A). A dumbbell 
shape, Fig. 1B, is preferred for the 
coupling slot for achieving greater 
magnetic coupling than any other 
shape of the same slot length, and 
for minimizing the coupling of 
electric fields. 

By referring to Fig. 1A and us- 
ing the symbols shown in it, the op- 
eration of the coupler is expressed 
concisely by an S-matrix as follows, 
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Phase directional coupler (A); the dumbbell-shaped slot (B); an ordinary directional coupler (C); and details 
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Microwave Phase-Directional Coupler 


, SHOJI TSUCHIYA, 
Senior Engineer, 
Electrical Communications Laboratory, 
Nippon Telegraph and Telephone 
Public Corp., Tokyo, Japan 


as the result of theoretical calcula- 
tions’: 


+j = sin 20) 
mat - ia - 3) sn 


where 





Ag — Ado 
: parameter expressing 
AGo errors due to frequency 
change, 

» : guide wavelength at a 
design frequency (cen- 
ter frequency of oper- 
ating band), 

: orientation of coupling 
slot, 

f i Magnetic coupling co- 
efficient, 

= 20 logiok 


. we 
aM sin 


20 log 
Z 10 7 
7 16a*b 


Ar . 
— 20 logio< 1 — 
ia GS), 


546 =| rr\2 
Ar , V'-( a) 


in db’, 

: resonance wavelength 
of slot (~2/ + 1.3d — 
2v : empirical relation), 


d : 
a) j -B, magnetic 


polarizability of slot* 
: thickness of slot, and 
: location of slot center, 


2 


* tan= se 

T AGo 

In the derivation of Eq. 1, terms 
of higher order than & are neg- 
lected, because in general |8| is 
than 0.1 over a 10-percent 
bandwidth. At a design frequency, 
as a typical case, § will be zero, and 
hence Eq. 1 becomes 
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An ordinary waveguide direc- 
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FIG. 2—Exterior (A) and interior (B) views of phase directional coupler 
for the 6-Ge band; and simplified diagram (C) illustrating the principle 
of impedance display unit using the phase directional coupler 


tional coupler has a directivity as 
to the amplitude of the branched 
wave, as shown in Fig. 1C, and is 
expressed by an S-matrix, in an 
ideal state, as 


Sis Sia] 


jg 0 | 
; (3) 
Sox Sox 0 39 


where g is the coupling coefficient. 

Comparison of Eq. 2 with Eq. 3 
shows, on the contrary, that the 
coupler expressed by Eq. 2, accord- 
ing to Fig. 1A, has a directivity as 
to the phase of the branched wave. 
This is why the coupling circuit of 
Fig. 1A is defined as a phase direc- 
tional coupler. 

The phase directional coupler has 
a rotating slot, illustrated in Fig. 
1D. The circular disk, which is 
common to both waveguides and is 
provided with a dumbbell-shape 
slot, is rotated by a synchronous 
motor through gear coupling at the 
rate of, for instance, 50 cps. Fig- 
ures 2A and 2B show outer and in- 
terior views of the coupler for the 
6-Ge band. 


Design data of the coupler for 
the 4-Ge, 6-Gc and 11-Ge bands are 
shown in Tables I and II. (These 
three frequency bands are allocated 
for use of Nippon Telegraph and 
Telephone Public Corp.) The 
agreement with calculated values is 
good. The main reason for dis- 
crepancies between measured and 
calculated values is the inaccuracy 
in the value of A,. The coupling co- 
efficients vary slightly with fre- 
quencies, due to the slot resonance 
A, and attenuation by thickness +r. 
This frequency dependence of cou- 
pling coefficients, however, does not 
become a substantial error in the 
equipment described below and can 
be easily compensated for by mak- 
ing the crystal detector more sensi- 
tive at lower frequencies. 

The most useful application of 
the phase directional coupler is as 
a broadband automatic impedance 
plotter, whose principle is shown 
in Fig. 2C. 

Referring to Eq. 1 and Fig. 2C, 
the r-f energy entering the crystal 
detector is proportional to A. of the 
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TABLE I 


DIMENSIONS OF DUMBBELL-SHAPED SLOT 





d | 


» | 
Freq Band) l (mm) 


| | d d 
(mm) (mm)| +(7)| M = (4) - 2 





: om | | 


4,000 Me} 16.5 4.5 | 
6,000 Mc! 12.25 | 3.5 
11,000 Me} 7.0 | 2.0] 


391.0 
165.4 
30.9 


41.4 
31.2 
17.6 
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FIG. 3—Automatic impedance display unit, with arrangements for meas- 
urement at both high and low power levels 


following equation: 


is = ra} +i) a *) sin 20 rN 


oti s xin 204 R we (4) 
where A, is oscillator output, and 
R \e’” is the complex voltage re- 
flection coefficient of Z. (impedance 
under test) at the center of the 
coupling slot. When the slot is 
rotating at the rate of p cps, @, in 
Eq. 4 is 
0 = 2xpt (5) 
Now, A, is detected by the square- 
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law crystal detector and its output 
is picked up through the narrow- 
bandpass filter whose center fre- 
quency is twice the revolution fre- 
quency of the slot, that is, 2p cps. 
The output voltage V of the filter 
becomes : 


tan” ( , > Jeon vt) (6) 


where /:, means detector sensitivity 


and insertion loss of the filter. 

After being amplified and 
shifted in phase by 90 deg, V of Eq. 
6 is impressed on the deflection 
plates of a cathode-ray tube. Bright 
spots on the fluorescent screen 
form a circle, whose radius is pro- 
portional to the reflection coefficient 

R\. Further, positive pulses of 
narrow width and a repetition rate 
of 2p cps are added to the control 
grid to increase the intensity and 
to show the phase angle y. 

A reflection coefficient | R ‘\e’’, 
consequently Z, (= 1+ R/1—R 
Z,), is represented on the screen 
by a bright spot. 

In Eq. 6, the term 8/2 expresses 
the error caused when the micro- 
wave frequency is deviated from 
the design frequency f,; but | 8! 
being less than 0.1 over a 10-per- 
cent bandwidth, as shown in Table 
I, 8/2 is less than 0.005, and so 
can be neglected with no large er- 
ror. 

Besides, Eq. 6 contains no term 
that gives rise to a residual voltage 
standing wave ratio. This is why 
the circuit arrangement of Fig. 2C 
has broad-band and high-precision 
characteristics. 

This display unit, in combina- 
tion with a swept frequency oscil- 
lator, can continuously indicate the 
frequency response of an imped- 
ance over a 10-percent bandwidth 
with high accuracy and speed. (The 
sweep frequency should be low com- 
pared 2p cps.) 

In Fig. 2C, interchanging the 
positions of Z, and Z,, the same 
result as Eq. 6 is obtained, and in 
this case the microwave power 
entering the unknown impedance 
Z, is weak; for instance —30 dbm. 
Therefore the interchanged case is 
suited for measurement at low 
power levels, for example, for 
measurement of parametric diode 
and varactor qualities. Further- 
more, this display unit will also 
measure negative impedances if an 
extended transmission-line chart is 
used.° 

In Fig. 2C, a part of the TE,, 
wave (frequency f,) traveling from 
left to right in the rectangular 
waveguide, branches into both di- 
rections of the secondary wave- 
guide through the coupling slot; 
the wave directed to port 3 is not 
influenced at all, and the other di- 
rected to port 4 is totally influ- 
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enced, by rotation of the slot. 
Hence the former maintains its 
original frequency f,, but the lat- 
ter is shifted in frequency by —2p; 
that is, the frequency is f, — 2p. 

For a wave traveling from right 
to left (a reflected-wave from Z,) 
the situation is reversed; that is, 
the branched wave directed to port 
3 is shifted in frequency by +2p 
(the frequency is f, + 2p), and 
the other directed to port 4 main- 
tains its frequency f, (see Eq. 2 
and Eq. 5). 

Therefore, the wave entering the 
crystal detector consists of the fol- 
lowing two waves: one that is pro- 
portional to the incident wave and 
has a frequency f,, and the other 
that is proportional to reflected 
wave and has a frequency f, + 2p. 
Therefore, after detection by a 
square-law detector, a voltage of 
beat frequency 2p is produced and 
picked up through a narrow-band- 
pass filter, whose center frequency 
is 2p. This voltage is linearly pro- 
portional to the reflected wave both 
in magnitude and in phase (Eq. 
6). 

Accordingly, the voltage can be 
used as the information concerned 
with the reflection coefficient R 
under measurement, and an imped- 
ance plotter can be made. 

The broad-band characteristic of 
the phase directional coupler may 
be explained as follows. Consider 
first an incident wave only (the 
state of matched termination). The 
center of the coupling slot is at 
the center of a circularly polarized 
magnetic field (Fig. 1A). 

This is true however, only for 
the case of 8 = 0 (Eq. 1), that is, 
for a design frequency of f,. For a 
frequency deviating from f,, 8 is 
no longer zero and the magnetic 
field at the slot center becomes an 
elliptically polarized field whose 
eccentricity is 2 |8|. So if the 
two waveguides are parallel to each 
other, the ellipticity is doubled and 
causes an error equivalent to a 
residual vswr of about (1 + | 8 |) 
Thus the use is limited to a narrow 
bandwidth. On the other hand, if 
the two waveguides intersect at 
right angles as shown in Fig. 1A, 
the major axes of elliptical polariza- 
tion in both waveguides also cross 
at right angles. Hence the elliptici- 
ties for both waveguides compen- 
sate each other in total, and, as the 


TABLE II—VALUES OF Xo AND s FOR THREE FREQUENCY BANDS 
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FIG. 4—Impedance loci of a movable short-circuit at 5.8 Ge (A), 6.2 Ge 
(B), and 6.4 Ge (C); impedance loci of a capacitive stub (D) and a reflec- 
tionless termination (E); and the standard impedance (F') consisting of a 
standard attenuator and a movable short-cricuit 


result, the same state results as for 
the circular polarization. Thus no 
error or residual vswr occurs; this 
is valid regardless of the value of 
5. The device may thus be used 
over a broad bandwidth. 

The practical arrangement of 
Fig. 2C is illustrated in Fig. 3. 
Most of the circuit, except for the 
phase directional coupler and the 
circuits mentioned below, is well- 
known or familiar. As to the nar- 


row-bandpass filter, the cascade 
connection of parallel-T R-C selec- 
tive amplifiers’ is used to obtain 
a high selectivity, such as 100 + 5 
cps and to avoid unnecessary stray 
magnetic fields. The linear delay 
gate circuit’ is useful for making 
the pulse width narrow and for ad- 
justing the pulse phase to any de- 
sired value. The VSWR’ SELECT 
switch changes the sensitivity of 
the signal circuit and the scale il- 


83 





STD ATT = 4.77 db 
VSWR = 2.0 
FULL SCALE: VSWR = © 


(A) 


16.2 db 
1.05 
1.2 


(C) 


23.01 db 
1.01 
1.05 


(D) 


26.02 db 
1.005 
1.05 


(E) 


FIG. 5—Impedance loci (A through E) of the standard impedance of Fig. 4F, measured at 6.2 Ge, with the loci corre- 
sponding to the movement of the short-circuit 


lumination on the face of the cath- 
ode-ray tube simultaneously, and 
scales of vswr x2, 2.0, 1.2, and 
1.05 at full scale are displayed ac- 
cording to the switch position. 

Calibration of the display unit is 
performed by short-circuiting the 
waveguide port that is connected 
to Z, (Fig. 3), and assuming the 
short-circuit to be a standard of 
perfect reflection. As R 1 e*; ¥, 
being calculated knowing A, and I,, 
with /, being the distance from the 
center of coupling slot to the short- 
circuit 

4n 


n= — g lo (7) 


In a phase directional coupler, 
the location of center of the slot 
must fulfill exactly the equation 2 

Lm» ~~ x, (see Fig. 1A), because 
the state of x, ~ 2 will cause an 
error, or a residual vswr. The resid- 
ual vswr becomes: 


Res. VSWR 


where Ar = 2a — Xu. 

This 
1.03. 

The residual reflection (Ar) of 
the reflectionless termination Z, in 
Fig. 3 should be made as small as 
possible, for this also becomes an 
error, or another residual vswr. 
These residual reflections caused 
by Ax and Ar can be compensated 
simultaneously by inserting a three- 
stub tuner (Ag,/8 
tween the coupling slot and the 
termination Z,. In inserting the 
tuner nearer to the slot, the resid- 
ual vswr of the compensated state 
was made less than 1.005 for a fre- 
quency range of 5.8 Ge to 6.4 Ge 
without resetting the tuner at each 
frequency (broadband 
tion). 


amounts to about 1.01 to 


interval) be- 


compensa- 


In connection with the calibra- 


tion of display unit and with the 
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variety of R, isolators (in Fig. 3) 
having a small reflection coeffi- 
cient, such as vswr = 1.02, should 
be used to avoid load reactions, 
namely, the effect of mismatching 
of microwave source and crystal 
detector, because these mismatch- 
ings will cause a large percentage 
error in the reflection coefficient 

R!. By using a_ well-matched 
isolator (vswr < 1.01) this error is 
made less than 2 percent. 

As to the oscilloscope (Fig. 3), 
the linearity of the signal circuit 
and especially that of the ger- 
manium-diode envelope detector 
must be checked carefully at the 
required voltage level. The non- 
linearity of the low-frequency cir- 
cuits also causes another percent- 
age error in | R |. This error, 
however, is easily made less than 
1 percent. 

Figure 4A, 4B and 4C show the 
impedance locus of a movable short 
circuit. The deviation of the locus 
from the circle of |R| = 1 on the 
Smith diagram becomes a measure 
of mismatch of microwave source 
and crystal detector, that is, a 
measure of load effect. The result 
shows that the load effect was 
greatly lessened by using a well- 
matched isolator (Fig. 3 

Figures 4D and 4E are the im- 
pedance loci of the capacitive stub 
and inductive window, followed by 
a reflectionless termination. The 
locus must be a semicircle passing 
through the center of the Smith 
diagram. The results good 
agreement with the semicircle, 
proving the display unit error was 
small, both in magnitude and in 
phase. In varactor measurement 
too, nearly the same locus is ob- 
tained as in Figs. 4D and 4E, by 
changing the d-c bias voltage. 

To test the linearity of the dis- 
play unit more quantitatively, the 
combination of a standard attenu- 


show 


ator and a movable short-circuit 
was adopted as a standard imped- 
ance (Fig. 4F). The reflection co- 


efficient becomes 


ér lO 
R, =A? A Nel} +14 (9) 


where A, is the attenuation of 
standard attenuator, J, is the dis- 
tance between input flange and 
short-circuit, and 7, is the reflec- 
tion coefficient of the attenuator 
itself. Hence, by setting the at- 
tenuator at 4.77, 10.4, 16.2, 23.01, 
26.02 db and moving the short-cir- 
cuit, the impedance loci of circles 
equivalent to vswr = 2.0, 1.2, 1.05, 
1.01, 1.005, respectively may be ob- 
tained (Figs. 5A through 5E). The 
signal circuit was fairly linear. In 
the figures, the distance between 
the center of the impedance circle 
measured and the center of the 
Smith diagram shows r, of Eq. 9. 

There are other applications of 
the phase directional coupler, such 
as a display unit for microwave 
source output impedance, a dis- 
play unit for small reflection coeffi- 
cients of the order of 0.0005, and 
so on. 

The author thanks the Anritsu 
Electric Co., Tokyo, Japan, for their 
aid in constructing the oscilloscope, 
and the Nihon-Koshuha Co., Yoko- 
hama, Japan, for their many in- 
structive opinions. 
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8 fit into a 19” rack! 


NEW! from 
ELECTRO ~ 
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Model A16 


A WIDEBAND DIFFERENTIAL 
AMPLIFIER that combines wide 
bandwidth, high common mode 
rejection, and high input impedance! 


NOW 4 precision, low level, wideband DC instruments to meet every amplifier requirement! 


Entirely new in concept and design 


this new family of “second generation” 


instruments provides more of every- 
thing you want in precision, low level, 
wideband DC amplifiers. New design 
techniques represent major break- 
throughs in all areas of amplifier 


design. Performance and versatility are 


unmatched. Circuits are totally tran- 
sistorized to eliminate heat dissipation 
problems, to assure high reliability, and 
to minimize size and weight. Plug-in, 
etched circuit boards and internal 
modular construction simplify trouble 
shooting and eliminate lengthy down- 
times. An actual comparative main- 
tenance report by a major ICBM 
manufacturer showed the operational 


reliability record of EI amplifiers to be wideband over the gain range of 10 
better than competitive instruments by to 1000. 
8 tol! Model A16—A wideband differential 
Let your El field engineer show vou amplifier that combines a 3 microvolts 
how this new family of amplifiers can rms noise level, 120 db common mode 
meet your needs. El’s nationwide staff rejection at 60 cps with up to 1,000 
of factory sales and service men assures ohms unbalance in either line, DC to 
you of the most for your money— 50 KC bandwidth and 100 megohms 
before, during and after the sale. input impedance. 
Model A17—A low-cost, wideband dif- 
Olas ferential amplifier with basically the 
and control system applications. Oper- same performance as the Model A16, 
camer —- from 1 to 100 with including high 160 db common mode 
, pice. ms rejection at DC. Gain of 1 to 100. Sub- 
Model A15—A general-purpose, single- stantial saving in cost through a reduc- 
ended or differential amplifier with a tion in input impedance. 
noise level less than 3 microvolts rms Write for new EI Amplifier catalog! 


f= 3540 AERO COURT, 
Ml SAN DIEGO 11, CALIF, 
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Designing Emitter-Coupled 
Monostable Multivibrators 


This procedure solves 
some of the problems 
commonly involved in 
designing transistor 
monostable circuits. 

A step-by-step example 


is also given 


By L. L. KLEINBERG, 


Lockheed Electronic Co., 
Plainfield, N. J. 


THIS ARTICLE describes a simplified 
method for designing the emitter- 
coupled monostable multivibrator, 
with considerable savings of design 
and bench time. 

The circuit is shown in the dia- 
gram. Consider the initial condi- 
tion, when Q, is conducting and Q, 
is cut off. This is described by 

ER,/(R, + R.) = KE: (1) 
where K is a constant 
unity and E, is the voltage across 
R, when Q. conducts. In the tran- 
sitional state, Q. is cut off and Q, 
conducts. 


less than 


E, + e,)/R.] + ib 

E — (E,+.e)]/R, (2) 
where E, is the voltage across R, 
when Q, is off and Q, conducts, 7, 
is the base current of Q, and e, 
the voltage between emitter and 
base of the transistor during con- 
duction. Solving the two equations 
for R, and R 


R, = Gag +€,)— 
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emitter-coupled 


monostable multivibrator, 


triggered by negative voltage pulse applied to C: 


(E — KE,)(E; + e, 
KE, | 
R. = R|KE, / (E — KE;)} 
If Eq. 3 is set equal to zero 
KE, = EF, +e: 

Equation 5 yields the key for the 
design procedure. For R, to be 
nonnegative, KE. must be greater 
than E, + e,. Once E., EF, and R;, 
are chosen, all components values 
may easily be found, 
saturated operation. 

As an example, type 2N338 tran- 
sistors are used with a supply volt- 
age of 20 v and a pulse width of 
25 microseconds. Choosing E, = 
ay, It, Ty, Re = TK, OS 2. = 
40, 


assuming 


2 (E — E, — E,, 
= (20 = 7 _ 0 5) 
= 1,800 ohms 
(C) Ube i2/Bmin = 7 ma/40 
(d) Ry = (FE — Ez — es) ‘in 
= (20 — 7 — 0.7) (7 
= 68,000 ohms 


Step 2: 


+ E,/Reg = 40/1K = 4ma 
: (EB mar BE, me Eat) te 

(20 — 4 — 0.5) /4 ma 
3,900 ohms 

ia/Bmin = 4 ma/40 

10-* ampere 


(a) te 
(b) Ri 


hudw i 


(c) tp 


Step 3: 

(a) Using Eq. 3, solve for R,. 
The value of K must first be deter- 
mined. Since the 2N338 has a re- 
verse breakdown voltage of —1 volt 
(V,-) and E. is 7 volts, KE, is 
chosen as 6.5 volts. See Eq. 1. 

(b) K = 6.5/7 

(c) R, = (1/1074) {20 — 4 — 0.7 
((20 — 6.5)(4 + 0.7) /6.5)} 

= 56,000 ohms 

(d) Using Eq. 4, 

R, = [6.5/(20 — 6.5)]56K 
= 27,000 ohms 

Step 4: 

Solve for C,: (E — E,)/(2E — E, 
— E.) = (1 — e) to the power of 
—t/R,C,; C, then equals 620 pf. 
Components C., R, and D, comprise 
the triggering network; D, prevents 
reverse breakdown of the _ base- 
emitter diode of Q.. 
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Want to find the coefficients? It’s easy with the 
new Regression Analysis program for the IBM 1620 


Here’s another program offered free-of- 
charge to users of the IBM 1620 Data Proc- 
essing System. It gives you the kind of 
results you might expect only from a much 
more expensive computer. But users of the 
1620 know that its low rental cost is decep- 
tive. The 1620 packs more computing power 
per cubic inch than any other computer in its 
size range. 

The Regression Analysis program is a 
good example. Suppose you want a fit for 
production purposes. If you employ more 
than two variables you probably have diffi- 
culty visualizing the representation of your 
data. If linearity is not the case, you must 
often guess blindly at a polynomial of high 
degree, accept or reject the fit with some- 


thing approaching a sixth sense, and either 
try again or settle for the results you have. 

The new Regression Analysis program lets 
you handle expressions containing up to 24 
variables. If you have the even more com- 
plicated task of handling many dependent 
variables, the program will generate regres- 
sion coefficients with a maximum number of 
dependent variables not exceeding one-half 
the number of independent variables. 

This program will also fit non-linear func- 
tions and hyper-surfaces. Compare this per- 
formance with that of any other computer in 
the 1620’s price range. 

A basic 1620 installation rents for just 
$1600 per month. For details, contact your 
local IBM Representative. 


a 


IBM’s 1620 is a compa 
desk-size computer. 


DATA PROCESSING 
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Normal Metals Are Made Superconductive 


METALS that are not normally su- 
perconducting can be made super- 
conductive. Also, transition tem- 
peratures of these superconductors 
are predictable and subject to con- 
trol within limits. 

The project in which these phe- 
nomena were observed is still in the 
basic research stage. However, it 
indicates that more superconduct- 
ing materials will be available to 
the design engineer. It also demon- 
strates that transition tempera- 
tures are not necessarily restricted 
to those provided by nature. 

Results of the experiments with 
superconducting metals were re- 
ported by A. D. Little, Inc. The 
consulting firm found that, when 
in contact with a superconducting 
metal film at the proper tempera- 
ture, a thin film of metal not nor- 
mally a superconductor behaves like 
one. Moreover, the two metals films 
in contact act as a unit with unique 
superconducting properties of its 
own. 

Silver, which is not superconduct- 
ing at any temperature, was used 
in the experiments with lead, which 
becomes superconducting at 7.2 K. 
Both the silver and the bimetallic 
assembly as a whole became super- 
conducting at transition tempera- 
tures lower than that of lead. A 
transition temperature as low as 
1.87 K was measured in one case. 

In the 
films of 


continuing experiments, 
the selected metals less 
than 0.001 mm thick are vapor de- 
posited on top of each other on 
glass substrate. Typically, a silver 
film 10 mm long and 0.3 mm wide 
has a longer lead film superimposed 
on it that is 0.15 mm wide. Elec- 
trical connections are soldered to 
the ends. Several samples can be 
made by depositing different thick- 
nesses of each metal simultaneously 
on the same substrate. 

When thickness of either metal 
was varied, transition temperatures 
and other characteristics changed. 
In some cases, one metal completely 
surrounded the other; in other 
one metal was simply de- 
posited on top of the other to form 


cases, 


an open sandwich. Observed re- 
sults did not change with type of 
construction, sequence of deposition 
or with time. 

The experiments indicate that a 
film of pure nonsuperconducting 
metal deposited in direct contact 
with a superconductor depresses 
the transition temperature of the 
superconductor. Also, the depres- 
sion increases with thickness of the 
nonsuperconducting metal. 

The change in transition temper- 
ature is not attributed to contami- 
nation of one metal by the other or 
by impurities. All metals were at 
least 99.999 percent pure, and solid 
solubility of lead in silver or of sil- 
ver in lead is quite small. Also 
others have shown that transition 
temperature of lead is substantially 
unaltered by the addition of silver 
in solid solution. 

Although it is difficult to account 
for the observed phenomena at this 
time, Prof. L. N. Cooper of Brown 
University has developed a theory 
that provides a qualitative explana- 
tion of results. 

Current-carrying electrons’ in 
metals can generally be handled 
mathematically on an_ individual 
basis. However, in a theory of su- 
perconductivity developed by 
3rown and others, current carrying 
electrons act as though they were 
paired. 

When a superconducting and a 
nonsuperconducting metal are in 
contact at low enough temperature, 
some paired electrons cross the in- 
terface even through a thin insulat- 
ing layer. The migrating electrons 
occupy some volume in the non- 
superconducting metal, which be- 
comes superconducting to the extent 
that the paired electrons cross the 
interface. 

The bimetallic assembly also acts 
as a superconductor with its own 
characteristic transition tempera- 
ture in the volume where electron 
pair migration occurs. If the non- 
superconducting metal were more 
than 0.001 mm thick, presumably 
the region far enough from the in- 
terface would not be affected. 


So far the metal films used in the 
experiments are too thin for an un- 
affected region to exist. However, 
using a technique of electron tun- 
neling between superconductors re- 
ported by A. D. Little last Novem- 
ber, existence of an electron energy 
gap in a silver film superimposed 
on a lead film was demonstrated. 
Such a gap is a clue to a semicon- 
ductor. The energy gap in the 
silver part is smaller than that in 
the lead part of the sandwich, indi- 
cating the predicted decreasing su- 
perconductivity. 

Although the existence of this 
superconducting phenomenon has 
been indicated in earlier investiga- 
tions, in the present project it has 
been clearly delineated in experi- 
ments and a microscopic theory has 
been developed to explain it. 


Method Permits Tests of 
Nerve Impulse Velocity 


MEASURING technique using a bar- 
rier-grid storage tube is helping 
investigators to determine velocity 
of afferent nerve impulses. The 
memory tube functions as an in- 
tegrator to enable detection of very 
weak signals in the presence of ran- 
dom noise. 

Nerve impulse velocity, ranging 
from about 60 to 80 meters per sec- 
ond, is being successfully measured 
at the Department of Medicine, St. 
Thomas Hospital, London, England. 
The special tube was produced by 
EMI Electronics Ltd., Middlesex, 
and has enabled the hospital Elec- 
tronics Department to develop a 
compact instrumentation system 
for the measurements. 

The equipment detects and am- 
plifies evoked nerve impulses as 
they travel from the point of stimu- 
lus to the brain. After storage in 
the tube, the detected signals are 
displayed on an oscilloscope for 
photographic recording. Nerve im- 
pulse velocities are determined 
from the photographs. 

To limit electrical interference, 
the patient is placed in a shielded 
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Introducing 


improved ceramics 
result from a new method of fabrication. 


Favorable characteristics include: 


1. Fabrication of thin sections especially suited 
for substrates. Marked improvement has been 
made in flatness or camber control. 


2. Flatness and dimensional accuracy within 
normally accepted ranges without grinding 
expense, contaminants or scratches. However 
where especially strict requirements must be 
met, AlSiBase can be furnished both ground 
and polished at commensurate cost. 


3. Ability to fabricate holes, slots, serrations to 
tighter than usual tolerances without machining 
after firing. 


4. A superior and uniform surface especially 
adapted to economical coating or metalizing. 
Surface finish in 10-25 microinch range is avail- 
able without grinding or polishing. 


5. AlSiBase has exceptional dielectric strength 
in thin sections. Measurements made to date on 
AlSiBase in the new thin sections indicate better 
dielectric strengths than those of similar ceramic 
formulations processed by conventional methods 
and tested on %4" thick discs in accordance with 
A.S.T.M. D 667-44. A typical AlSiBase design in 
alumina had a dielectric strength up to 2000 
ACV/mil at 10 mil thickness. 


May we see your prints on parts where this might apply? 


A subsidiary of Bee 
Minnesota Mining and ae 


Manufacturing Company “pat 
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Keyboard of parametron computer designed by Fuji engineers and Mr. E. Goto of Tokyo Univer- 
sity who developed the parametron circuit. Fuji Stycon polystyrene capacitors used throughout. 


Fuji Stycon polystyrene capacitors 
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Over 20,000 Fuji Stycon capacitors are used in the a | 
parametron logic and control circuits of Fuji’s unique | 6. x | 
FACOM 202 digital computer. At high frequencies, | 
the Fuji Stycon shows extreme reliability and ex- 
ceptional stability of capacitance. The circuit's low 
operating temperature ideally suits the Stycon’s 
—10°C. to + 70°C. range, eliminating the need for 
more expensive, high-temperature capacitors. 


With 27 years of systems-making experience and 
the latest in modern component technology, Fuji 
is one of the world's largest suppliers of 
polystyrene capacitors with a monthly output of 
5 million anits. Complete specifications are 
available from Fuji’$ U.S. distributors. 


© FUJI TSUSHINKI SEIZO K.K. "2° 
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Is your advertising selling 
the same four key buyers your 


salesmen call on? Competi- | 


tion demands it! Only adver- 
tising in electronics reaches 





a and sells the electronics man | 
wherever he is: in Research, | 


TODAY YOU MUST SELL ALL FOUR! 


Design, Production, and Man- 
agement. Put your advertis- 
ing where it works hardest... 


in electronics 


room during the measurements. All 
parts of the instrumentation sys- 
tem that require primary line power 
are excluded from the enclosure. 

Mild stimuli are provided to the 
patient in the form of constant- 
intensity taps applied by a small 
pneumatic hammer to the area 
above the ankle tendon. The electri- 
cal nerve impulses evoked by the 
hammer taps travel to the brain. 
Two electrodes are placed in con- 
tact with the skin above the nerve. 
The electrodes are located close to- 
gether along the nerve path to de- 
tect the nerve impulses. The de- 
tected signals from each electrode 
are fed through a preamplifier to 
the storage tube. 

The area of the ankle above the 
tendon is coated with silver paint. 
Each time the silver hammer face 
makes contact with the coated sur- 
face, a trigger is generated. In ad- 
dition to initiating sweep voltage, 
the trigger switches off the photo- 
graphic recording equipment. 

The hammer stimulus is repeated 
20 to 30 times. By storing the de- 
tected output, random noise tends 
to be canceled. However, the nerve 
impulses, which occur at constant 
times after the stimuli, are inte- 
grated. The reinforced pulses from 
the storage tube are displayed on 
the oscilloscope and photographed. 
The detected signals appear as two 
amplitude peaks and spacing of the 
peaks indicates the time difference 
that the nerve impulse is detected 
by each electrode. This informa- 
tion combined with physical spac- 
ing of the two electrodes is then 
used to compute nerve impulse ve- 
locity. 

The complete’ instrumentation 
system includes two _ additional 
probes fitted to the calf muscle. 
These detectors permit a simulta- 
neous reflex check. 

The basic function of the equip- 
ment is that of detecting weak sig- 
nals in the presence of noise. The 
storage tube method can be used 
for other applications where similar 
problems are encountered. 


Microwave Reflector 
Solves Cable Problems 
PASSIVE reflector for microwave sig- 
nals has eliminated maintenance 


problems encountered with cables. 
A byproduct of the project is the 
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acquisition of data on expected 
losses with a passive reflector when 
other parameters are varied. Pas- 
sive reflector losses in this particu- 
lar installation were 2.8 db. 

The microwave system is used by 
the Tennessee Valley Authority. 
The passive reflector is mounted on 
top of the smokestack of a generat- 
ing plant where it intercepts micro- 
wave signals and beams them to an 
antenna on top of the main electri- 
cal control building. 

Because of the limited data avail- 
able about reflector losses in such 
installations, computations were 
made on a large digital computer. 
Results confirmed the findings of a 
limited analog computer study 
made nearly ten years ago and 
were reported to a power communi- 
cations symposium during the Sum- 
mer General Meeting of the AIEE 
at Cornell University by W. C. 
Jakes of Bell Labs, C. McCord of 
Knoxville, Tenn., and J. W. Vinyard 
of Chattanooga. 

Seven microwave terminals in the 
TVA system are located at seven 
different steam plants. Where 
needed, the smokestacks have been 
found to be an economical location 
for the antenna. At five of the 
plants, the antenna is mounted at 
heights of 220 to 500 feet above the 
ground. 

To limit transmission line losses, 
the microwave equipment has been 
located in a house at the base of the 
smokestack. Video cables were used 
to link the microwave equipment 
with multiplex equipment located 
in the communications room at the 
main electrical control building. 
However, maintenance problems 
were encountered with the cables. 

In the alternate arrangement, 
the microwave and multiplex equip- 
ments are located together in the 
communications room. The passive 
reflector is used to beam the micro- 
wave signals directly to an antenna 
on the roof above the communica- 
tions room. 

In addition to solving the main- 
tenance problem, the new arrange- 
ment provided an opportunity for 
studies of comparative performance 
of the passive reflector and the cus- 
tomary method. Data obtained 
from the computer study was suf- 
ficient to plot curves relating re- 
flector loss to wavelength, antenna 
and reflector sizes, and antenna and 
reflector spacing. 
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One of aseries EXPLORING THERMISTOR APPLICATIONS 


di 


niTerence 


makes a hig 
ina 
time delay circuit 


Circuits like the one above are often used where 
variable or fixed delay are required. Circuit ingredients: 


a thermistor and a variable resistor, in series with a battery 


and a relay. 


With the switch closed, current flow is limited by the 
high resistance of the thermistor. The thermistor then 
heats up, permitting sufficient current flow to close the 
relay. Delay time can be increased or decreased by 
increasing or decreasing series resistance. 


This is just one example of putting the thermistor 
to work. There are hundreds more — including 
temperature control, liquid level measurement, remote 


control, switching, power measurement, voltage control — 


or you name it. 


There are just two kinds of thermistors, really: 
ordinary, which are good; and FENWAL ELECTRONICS’, 
which are a little bit better. One reason is that FENWAL 
ELECTRONICS has the edge in experience. We 
pioneered in this field. Another reason is that we can 
suit your application exactly — FENWAL ELECTRONICS 
has the most complete line of thermistors available 
anywhere. 





For details, application assist- 
ance, and new Thermistor 
Catalog EMC 4, write: 





51 Mellen Street, Framingham, Massachusetts 
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COMPONENTS AND MATERIALS 
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FIG. 1—Cut-away sketch of ceramic i-f filter (left) shows ceramic sandwich construction. Both wafers are identical, 


and operation of the device is bilateral. Table (right) gives specifications for two current prototype models: A10019C, 
for transistor receivers; A25H4C, for vacuum tube sets 


Piezoelectric Ceramic for Solid I-F Filter 


RECENT INTRODUCTION of a ceramic 
i-f filter by U. S. Sonics, Inc.," adds 
another electronic component to the 
blossoming list of piezoelectric ce- 
ramic devices. An earlier report in 
this column (see ELECTRONICS, p 68, 
June 23, 1961) discussed the role 
of piezoelectric ceramics as trans- 
ducer materials. The simple ce- 
ramic filter, shown in a cut-away 
sketch above, may precede a new 
class of solid state passive circuit 
elements. 

Prototype models operate at 455 
ke, but the company plans to extend 
the spectrum down to 100 ke and 
up to 1.5 ke with filters based on 
the present design. The device is 
not intended as a conversion com- 
ponent that simply plugs in to re- 
place conventional wire wound i-f 
transformers in present receivers, 
but rather as a new circuit element 
that will spark new receiver design. 
Engineering samples of two mod- 
els are available: A10019C, for 
transistor receivers; A25H4C, for 
vacuum tube receivers. Specifica- 
tions of both are shown above. Both 
filters have temperature stability 
of 0.1 percent from room tempera- 
ture through 80 C, negligible spuri- 
ous response within an octave of 
center frequency, and shock re- 
sistance to repeated 100 g shocks. 
Available bandwidths, at 6 db 
points, run from 1 to 20 percent 
of center frequency. 

Filter consists of a hermetically 
sealed three layer sandwich of ce- 
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ramic wafer-copper electrode foil- 
ceramic wafer, held between two 
electrodes running to axial leads. 
A contact to the central foil elec- 
trode is brought out as a common 
terminal. The filter is completely 
bilateral as a result of its sym- 
metrical construction, and either 
end lead can be used as input or out- 
put. It operates as a step-down 
transformer in both directions, and 
is insensitive to load impedance 
value over a wide range, as shown 
in Fig. 2. Power loss at the speci- 
fied operating frequency is 1 db or 
less. 

Electrical energy of an input sig- 
nal applied across an end electrode 
and ground is transduced to me- 
chanical energy through the piezo- 
electric effect by one ceramic wafer. 
Mechanical energy is mechanically 





FREQUENCY (kc ) 
POWER LOSS (db) 


450 
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FIG. 2—Plot of power loss and res- 
onant frequency versus load imped- 
ance. Input impedance is 10,000 
ohms 


coupled to the second wafer and 
transduced back to electrical en- 
ergy appearing in an output signal 
across the second and electrode and 
ground. This energy transfer proc- 
ess only occurs at the mechanical 
resonance frequency of the wafers. 
Proprietary right considerations 
have prevented the company from 
describing exactly the type of ma- 
terial used for the wafers. Com- 
pany reports it is a member of the 
lead zirconate family, and was 
chosen especially for filter use be- 
cause of its excellent temperature 
stability. 

The exact process of impedance 
transformation is not yet under- 
stood but much research effort is 
aimed at understanding this proc- 
ess and the unique bilateral opera- 
tion. A rough physical argument 
can be formed to explain the in- 
sensitivity to load impedance by 
considering one wafer of the sand- 
wich at a time. Assume that a 
suitable load impedance is across 
the electrodes, and the ceramic 
wafer is being mechanically 
stressed. The wafer will deliver 
electrical power to the load. If load 
impedance is considerably lower 
than the internal impedance of the 
capacitor formed by the electrodes 
and wafer dielectric little power 
will be dissipated in the ceramic, 
and nearly all will be delivered to 
the load. This will hold over a fairly 
wide range of load impedances. 
Power transfer will decrease when 
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In Continental Europe: Raskin, 8. A., Lausanne, Switzerland 


July 21, 


STRIPPIT Flex-O-Drill Drilling-Layout machine offers you low cost, quality equipment 
that drills, reams, center punches and scribes within + .002” accuracy. Designed for 
template layout and drilling, it’s also ideally suited for pilot runs and short run produc- 
tion. A new, inexpensive accessory utilizing a high quality optical instrument converts 


the Flex-O-Drill to an accurate machine for checking drawings, patterns, templates or 
production pieces. 


STRIPPIT Flex-O-Drill permits you to work directly from a chart of x and y coordin- 
ates...no need to make base line drawings. Adjustable steel tapes quickly set up 
coarse dimensions. Quick-set Micrometric Gages provide fast, accurate adjustment to 
thousandths. Result ... template making time slashed as much as 50% or more. 


STRIPPIT Flex-O-Drill can be operated by anyone with only a few minutes of study. 
Let our STRIPPIT Tool & Methods Engineer explain the finer points of the Flex-O-Drill 
and demonstrate it in your plant. Or write for catalog FD. 


225 Buell Road e¢ Akron, New York 


waces STRIPP ITinc. — ssctaiii 


In Canada: Strippit Tool & Machine Company, Brampton, Ontario 
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In the British Isles: Kearney & Trecker—C. V. A. Ltd., Hove, Sussex, England 
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SAVE 
SPACE... 


—— 


INCREASE 
RELIABILITY 


with 

Harman-Kardon encapsulated 
digital logic modules... 
proven components...proven 
Circuits... proven packaging 


These fully encapsulated modules 
offer increased reliability—afford a 
high density, fully protected pack- 
age with better heat dissipation. 
And, you will find the cost competi- 
tive with open card construction. 


The modularized Series 200 logic cir- 
cuits are available now—from stock 
—in a variety of logic configurations 
for operation up to 250 Kc. Higher 
speed units, too, are on the way! 


The application engineering staff of 
the Data Systems Division stands 
ready to serve you in the implemen- 
tation of your system block diagrams. 
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Data Systems Division 


TY ercon 


INCORPORATED 
Plainview, N.Y. | 


the load impedance approaches the 
order of magnitude of the wafer 
internal impedance, or tends to 
short circuit the wafer. 

No equivalent circuit diagram for 
the filter can be drawn because of 
its bilateral nature. Once inserted 
in a circuit its operation is similar 
to a standard i-f transformer with 
the addition of series capacitors in 
the input and output to block a d-c 
path. Operating power loss is only 
1 db compared to up to 12 db for 
conventional units. 

Company claims that quantity 
unit cost will be competitive with 
wire wound transformers: 31 cents 
per unit in quantities of 10,000. 

Ceramic i-f filters have an edge 
over conventional wire wound i-f 
transformers in_ several areas. 
Overall physical size of develop- 
mental models is smaller than cur- 
rently used miniature wire wound 
transformers. Most of the device 
volume is taken up by the case and 
hermetic seal. Hermetic sealing is 
necessary to prevent moisture from 
condensing on the wafer sandwich 
and altering its resonant frequency. 
In appplications where a complete 
circuit is encapsulated or other- 
wise sealed against moisture, the 
ceramic elements may be installed 
directly. 

The ceramic filter is permanently 
aligned and bandwidth estab- 
lished during manufacture, and no 
further tuning or adjustment is re- 
quired after installation. This will 
enable radio manufacturers to ar- 
range receiver chassis without pro- 
vision for access to the i-f strip, as 
well as simplify the lives of radio 
repairmen. 

Prototype ceramic filters are 
housed in a metal case: input and 
output terminals are axial leads and 
the case is ground. The filter chas- 
sis mounts through a small metal 
clip. Production models are sched- 
uled for all plastic hermetically 
sealed housings having a third lead 
as common terminal. 

The company reports that the 
three lead arrangement is suitable 
for automatic insertion in printed 
circuit boards, and that the case 
will fit standard inserting ma- 
chines. 

Two design problems inherent in 
the ceramic filter are its low char- 
acteristic input impedance and lack 
of a d-c path. Impedance values of 
greater than 25,000 ohms are diffi- 
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(= simple O- 
tools 

can ,* 
transform 
BUD IMLOK 


— extrusions 
and 
connectors 


into housings 
like these 





When you need cabinets, racks or cases — 
for experimental or prototype work, make 
them, quickly and inexpensively with BUD 
IMLOK extrusions and connectors. No tool- 
ing costs or expensive labor are involved. 
The new BUD IMLOK manual gives com- 
plete details on this system. Write us for 
a copy or obtain one at your local BUD 
distributor. 


BUD RADIO, INC. 
CLEVELAND 3, OHIO 
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cult to produce. Company design 
engineers used shunt resistors to 
match impedances in several ex- 
perimental transistor receiver con- 
versions. 

This technique increases the 
power loss in the i-f strip, and 
increased gain in other stages may 
be necessary for compensation. 
However, the lower initial power 
loss of the ceramic filter as con- 
trasted with conventional trans- 
formers, negligible i-f mistuning 
losses and tolerance to impedance 
mismatch often negate shunt resist- 
ance losses, the company says. D-c 
path can be provided, again by addi- 
tion of resistors and corresponding 
power loss. 

Bandwidths as narrow as 4 ke 
can be achieved with single ceramic 
filter elements operating in the ra- 
dial mode. 

The ceramic filter is far less sus- 
ceptible to microphonics than con- 
ventional i-f transformers. 

Ladder network arrays of several 
single elements can be produced 
with a wide range of transfer 
characteristics. 

Company spokesmen claim that a 
ladder filter composed of 6 ceramic 
elements can have characteristics 
comparable to currently available 
quartz filters. Extrapolating from 
quantity i-f filter prices, this indi- 
cates a quantity ladder filter price 
of $2.00 per unit. 

A practical upper frequency limit 
for radial mode piezoelectric devices 
is about 1.5 me. At higher frequen- 
cies the ceramic disc is too small 
to be handled conveniently. Higher 
frequency filters will be cut to op- 
erate in the shear mode at frequen- 
cies in the tens of mc. The company 
is presently developing i-f units for 
f-m and t-v applications, where the 
pretuned and set bandwidth prop- 
erties are exceptionally valuable. 

Lower frequency filters are be- 
ing developed for automobile radios 
which operate at an i-f frequency 
of 265 ke. Filters could be built to 
operate below 100 ke, but are too 
large physically to be considered 
practical. The company reports an 
auto radio manufacturer will con- 
vert its complete line to ceramic i-f 
transformer construction in the 
near future. 


REFERENCE 


(1) U.S. Sonics, Inc. 63 Rogers Street, 
Cambridge 42, Mass. 
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Tolerance Buildup No Bugaboo with 
Punched Laminated Plastics Parts 


The compounding of individual tolerances on several punched holes 
or cutouts over the length of the piece is not the bugaboo that 
many designers believe. Careful die work and good working knowl- 
edge of the laminate used minimizes tolerance buildup. A good 
example of what can be done is the insulated pusher fabricated 
by Taylor for a high-performance crossbar switch manufactured 
by James Cunningham, Son & Co., Inc., Rochester, N.Y. 

These switches are 3-dimensional conductor matrices, with from 
30 to 1200 switching contacts, which bring intelligence from as 
many as 600 sources to one or more readout or signal points. 
They are basic components in computers, machine tool program- 
ming systems, high frequency scanning systems, thermocouple 
and strain gage monitoring, and similar equipment. 

The insulated pusher, only 2.955 in. long and .031 in. thick, and 
fabricated from Taylor Grade GEC-500 glass epoxy laminate, is a 
Critical part of the crossbar. It must be held flat within +.005 
in., with total over-length buildup not exceeding +.002 in. 

The materials used before to fabricate the pusher proved 
difficult to hold to the tolerances required. The success of the 
GEC-500 laminate fabricated by Taylor is evidenced by marked 
reduction in rejects and a 20% gain in production. 

Taylor Fibre’s Fabricating Division has the manpower, experience 
and equipment to produce parts to close tolerances from any of 
the company’s raw materials. Send us your problem—we will 
recommend the best material for the job and quote on production 
runs. Write Taylor Fibre Co., Norristown 40, Pa. 


LAMINATED PLASTICS f 


VULCANIZED FIBRE 
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PRODUCTION TECHNIQUES 


Machine parts are computer (A), input-output control (B), coating (C), inspection (D), terminating (E), conveyor con- 
trol (F), capping (G), helixing (H), inspection (J), encapsulating (K), leak detecting (L), marking (M), inspection 
(N), packing (O) and conveyor control (P). Q represents the cap lead welder and R shows a conveyor section 


Computer Controls Resistor Production Line 


DEPOSITED CARBON resistors are 
made on a fully-automatic, 11-sta- 
tion production line at Western 
Electric Company’s North Carolina 
Works, Winston-Salem. A digital 
computer with 4,096-word drum 
storage is used for programming, 
setup and feedback control of re- 
sistor values. It will accept, at ran- 
dom, a month’s production sched- 
uling requirements. Resistors are 
produced at a maximum rate of 
1,200 an hour in four power ratings 
with almost any possible resistance 
value. 

Statistical quality control is used. 
Data from three test points is ana- 
lyzed to determine if there is a 
drift away from nominal values. 
If a trend is detected, new setup 
information is calculated for ap- 
propriate stations. In addition to 
feedback control, the computer 
provides initial setup of wattage 
size at eight machines and resist- 
ance values at six machines. 

Unit-by-unit deposition, rather 
than batch coating, is employed to 
facilitate feedback control. The ce- 
ramic cores. are transported 
through heating and deposition 
furnaces on rotating horizontal rol- 
lers, then inspected. Resistance 
value of the carbon coating is ad- 
justed through computer control 
of the speed of core passage 
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PROTECTIVE AIR SPACE GOLD SPUTTERED 


TERMINATIONS 


EPOXY SEAL GOLD FLASHED CAP 


Cutaway view of encapsulated re- 
sistor 


Termination sputtering 
Engineer holds bell jar 


machine. 


through the furnace, pyrolysis tem- 
perature and methane gas flow. Re- 
sistance is measured by passing 
cores between four probes of a 
bridge. Analog voltage is digitized 
for computer analysis. This station 
also inserts magnetic slugs to sepa- 
rate lots of resistors of different 
size or values. 

Gold contacts are sputtered on 
core ends in rotary indexing vac- 
uum chambers. The first section of 
this machine fits the correct size 
mask over each core. The chamber 
is then evacuated and_ backfilled 
with argon. Rollers rotate cores in- 
side the masks as the gold is sput- 
tered. 

Leads are percussion welded in 
advance to end caps of gold-plated 
brass. A capping machine presses 
the cap assemblies over both ends 


of the core, welding them to con- 
tacts. The capping machine is trig- 
gered by each core arriving from 
the sputtering machine. 

A helixing machine cuts a spiral 
groove along the carbon film to 
give it the desired resistance value. 
The resistor is chucked and ro- 
tated against a diamond-impreg- 
nated wheel. Cutting is monitored 
by a computer-controlled bridge, 
which disengages the lathe at the 
proper value. If the resistor reaches 
desired value before 75 percent of 
its length is grooved, or if resist- 
ance is not reached in the full 
length, or if non-linearity is sensed, 
the resistor is rejected. 

The helixing is done to full value 
to eliminate hand-rubbing for ad- 
justment. The helix lathe bridge 
is slightly biased to compensate for 


electronics 














DERICATESR 73 atecic 


Not a usual combination. [he sensitivity and toughness included in every Honeywell 
panel instrument is a result of the infinite patience and superior technical know-how of our 
designers and engineers. (] Ruggedized Honeywell panel instruments are available with externa 
zero adjuster. They are sealed, dustproof, moistureproof and immune to the hazards of climate and 

atmosphere. Built to withstand the most severe tests of shock, vibration and strain — and still give 
accurate, reliable readings — they’re another reason why the name Honeywell and the word dependability 
are synonymous. (] Perhaps a quality instrument from Honeywell can help you do a job better and faster. Just 
get in touch with our representative in your area — he’s listed in the classified pages of your telephone directory. 


Or contact us direct: PRECISION METER DIVISION, Minneapolis- Honeywell 


Honeywell Regulator Company, Manchester, New Hampshire, U.S. A. In 


Canada, Honeywell Controls Limited, Toronto 17, Ontario. Honeywell ig 


International Sales and service offices in all principal cities of the world. 
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Faster, finer way to wind coils 
Leesona Model No. 107 


Winding paper insulated coils is faster, more accurate and 


more economical on the fully automatic Leesona No. 107. 
Here’s why: 
Electronic control eliminates wire breakage at start-up by 
gradual winder acceleration.s Paper Miss Detector auto- 
matically stops machine if a miss occurs. This permits one 
operator to tend several machines. s Windings are made 
at speeds up to 2500 rpm on paper inserts from 1%” 
(with short paper attachment) to 23%”. A special attach- 
ment is available for wide spacing in windings. = Three 
methods of tension — strap-type handles wire from No. 19 
to No. 42(B &S); Insto-start over- _ -_ 
end type handles No. 20 to No. 44 | V 
(B &S). Pot-type wire No. 40-50 
(B & S) & finer. ‘ 
These are just a few of the ‘ 
positive advantages of the Model 
No. 107 that will help you wind 
better coils at lower cost. For full 
details write Leesona Corpora- 


tion, P. O. Box 6088, Providence 
4, Rhode Island. 
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machine inertia and grinding heat. 
Servos adjust speed and pitch. 
Helixing time has been reduced 
to three seconds by careful bal- 
ance of the rotating mechanism and 
the use of a magnetic counter- 
weight to hold movable chucks 
against the cutting wheel. 

The encapsulating machine fits a 
precured epoxy shell over the core. 
Two partially-cured epoxy pellets 
are fitted over the leads. As the 
resistor passes through a curing 
oven, the pellets soften and seal the 
shell. The resistor is held between 
rubber chucks, which prevent leaks 
by trapping the air under the shell. 


Packing station loads resistors into 
foam blocks in magazine 


Cooling water jets terminate the 
cure. Detection circuits reject re- 
sistors missing shells or pellets. 

Resistors are picked off the con- 
veyor by holding clips and im- 
mersed in hot water. The water 
contains a wetting agent so escap- 
ing air bubbles will not cling to the 
resistor. Air bubbles are detected 
by photoelectric cells. If bubbles 
are detected, a mechanical memory 
tag on the holding clip is actuated 
and the resistor is rejected as it 
leaves the tank. 

Identifying markings are 
stamped on the shell by an offset 
printer. However, the type head 
does not reciprocate against the 
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READER SERVICE 


Use these handy prepaid READER SERVICE POST CARDS 
for more detailed information on: PRODUCTS ADVERTISED, 
NEW PRODUCTS “On the Market”, LITERATURE of the WEEK 





CHECK COUPON FOR 
FREE REPRINT of the MONTH 
“Calculating Receiver Spurious Responses”, by H. H. Jenkins 
Electronic Reference Sheet 


Nomograph contained in article provides time-saving means of calculating the response 
of a superheterodyne receiver to spurious frequencies. One copy per person only. For 
more, regular rates apply. 











Circle the number on the READER SERVICE post card at the right that corresponds to the 
number at the bottom of Advertisement, New Product item, or the Literature of the Week 
selection in which you are interested. 


Please print clearly. All written information must be legible in order to be efficiently pro- 
cessed. 


ALL FOREIGN INQUIRIES that cannot reach electronics before the expiration dates noted 
on the Reader Service post card, must be mailed directly to the manufacturer. The manufacturer 


assumes all responsibilities for responding to inquiries. electronics merely provides and clears 
requests for information from inquirer to manufacturer 


Correct amount of postage must be affixed for all foreign mailings. 


TO SUBSCRIBE TO OR TO RENEW electronics — Fill in the ‘‘For Subscriptions’ area on the 
card if you desire to subscribe to or renew your present subscription to electronics. Send no 
money. electronics will bill you at the address indicated on the Reader Service post card. 


MULTI-PRODUCT ADVERTISEMENTS — For information on specific items in multi-product 
advertisements which do not have a specific Reader Service number indicated write directly 
to manufacturer for information on precise product in which you are interested. 


REPRINT SERVICE 


The Reprint Service Department offers 4 types of reprints for sale: 1 — Reprints of Special 
Reports as they appear with definite costs for varying quantities; 2 — Reprints of Special Re- 
ports that have appeared in past issues; 3 — Reprints of other editorial material in the current 
issues (minimum order is 100); and 4 — Reprints of editorial that has appeared in past issues 
(minimum order is 100). On other than Special Reports we cannot publish prices because the 
order may involve any number of editorial pages depending upon the length of the article. 

Actual reprint costs, handling charges, postage, etc. bring the costs for Special Reports to: 
75 cents for a single reprint; 60 cents each for 11 to 24 copies; 50 cents each for 25 or more. 


For tearsheets or single photocopies of any electronics editorial article ever printed .. . see 
reverse side of this page. 


For list of Reprints of past Special Reports available see reverse side of this page. 





ad 


JULY 21, 1961 

















Name Title Card Expires 

) ot ee ee Os) | 
Company For Foreign Mailings 

OCT. 5, 1961 

Address 
INSIDE FRONT COVER (900) INSIDE BACK COVER (901) FOR SUBSCRIPTIONS 
1 18 35 52 69 86 103 120 137 154 171 1868 205 222 239 256 273 290 307 324 341 358 375 392 (Cele Humber 609) 
2 19 36 53 70 87 104 121 138 155 172 189 206 223 240 257 274 291 308 325 342 359 376 393 0 New Check 
3 20 37 54 71 88 105 122 139 156 173 190 207 224 241 258 275 292 309 326 343 360 377 394 One 
4 21 38 55 72 89 106 123 140 157 174 191 208 225 242 259 276 293 310 327 344 361 378 395 CT) Renewal { Box 
§ 22 39 56 73 90 107 124 141 158 175 192 209 226 243 260 277 294 311 328 345 362 379 396 
6 23 40 57 74 91 108 125 142 159 176 193 210 227 244 261 278 295 312 329 346 363 380 397 Check One Box Below 
7 24 41 58 75 92 109 126 143 160 177 194 211 228 245 262 279 296 313 330 347 364 381 398 DOMESTIC 
8 25 42 59 76 93 110 127 144 161 178 195 212 229 246 263 280 297 314 331 348 365 382 399 
9 


26 43 60 77 94 111 128 145 162 179 196 213 230 247 264 281 298 315 332 349 366 383 400 (-) 3 years — $12.00 
10 27 44 61 78 95 112 129 146 163 180 197 214 231 248 265 282 299 316 333 350 367 384 401 1 year — $6.00 
11 28 45 62 79 96 113 130 147 164 181 198 215 232 249 266 283 300 317 334 351 368 385 402 Cj + yea 
12 29 46 63 80 97 114 131 148 165 182 199 216 233 250 267 284 301 318 335 352 369 386 403 











13 30 47 64 B81 98 115 132 149 166 183 200 217 234 251 268 285 302 319 336 353 370 387 404 CANADA 

14 31 48 65 82 99 116 133 150 167 184 201 218 235 252 269 286 303 320 337 354 371 388 405 [J 1 year — $10.00 

15 32 49 66 83 100 117 134 151 168 185 202 219 236 253 270 287 304 321 338 355 372 389 406 

16 33 50 67 84 101 118 135 152 169 186 203 220 237 254 271 288 305 322 339 356 373 390 407 FOREIGN 

17 34 51 68 85 102 119 136 153 170 187 204 221 238 255 272 289 306 323 340 357 374 391 408 [-} 1 year — $20.00 

Searchlight Secti Pr m't’ 

CHECK HERE FOR FREE 460 462 464 466 468 ae 472 474 476 478 480 "= 

[ REPRINT of the MONTH 461 463 465 467 469 471 473 475 477 479 


Service(s) 





JULY 21, 1961 














Name Title Card Expires 
SEPT. 21, 1961 
Compa For Foreign Mailings 
sake OCT. 5, : 3063 
Address 
FOR SUBSCRIPTIONS 
INSIDE FRONT COVER (900) INSIDE BACK COVER (901) 


(Circle Number 903) 


~ 


18 35 52 69 86 103 120 137 Y54 171 188 205 222 239 256 273 290 307 324 341 358 375 392 0 New Check 
19 36 53 70 87 104 121 138 155 172 189 206 223 240 257 274 291 308 325 342 359 376 393 
20 37 54 71 88 105 122 139 156 173 190 207 224 241 258 275 292 309 326 343 





2 One 
3 360 377 394 [_]} Renewal Box 
4 21 38 55 72 89 106 123 140 157 174 191 208 225 242 259 276 293 310 327 344 361 378 395 

5 22 39 56 73 90 107 124 141 158 175 192 209 226 243 260 277 294 311 328 345 362 379 396 Check One Box Below 
6 23 40 57 74 91 108 125 142 159 176 193 210 227 244 261 278 295 312 329 346 363 380 397 DOMESTIC 

7 24 41 58 75 92 109 126 143 160 177 194 211 228 245 262 279 296 313 330 347 364 381 398 

8 

9 


25 42 59 76 93 110 127 144 161 178 195 212 229 246 263 280 207 314 331 348 365 382 399 1 9 years—$12.00 
26 43 60 77 94 111 128 145 162 179 196 213 230 247 264 281 298 315 332 349 
10 27 44 61 78 95 112 129 146 163 180 197 214 231 248 265 282 299 316 
11 28 45 62 79 96 113 130 147 164 181 198 215 232 249 266 283 300 317 334 351 368 385 402 CANADA 
12 29 46 63 80 97 114 131 148 165 182 199 216 233 250 267 284 301 318 335 352 369 386 403 
13 30 47 64 81 98 115 132 149 166 183 200 217 234 251 268 285 302 319 336 353 370 387 404 -L] | year— $10.00 
14 31 48 65 82 99 116 133 150 167 184 201 218 235 252 269 286 303 320 337 354 371 388 405 FOREIGN 
15 32 49 66 83 100 117 134 151 168 185 202 219 236 253 270 287 304 321 338 355 372 389 406 


16 33 50 67 84 101 118 135 152 169 186 203 220 237 254 271 288 305 322 339 356 373 390 407 () | year — $20.00 
17 34 51 68 85 102 119 136 153 170 187 204 221 238 255 272 289 306 323 340 357 374 391 408 


366 383 400 [] 1 year — $6.00 
333 350 367 384 401 














Product(s) M'f'd 
Searchlight Secti 
CHECK HERE FOR FREE 460 462 464 466 468 470 472 474 476 478 480 Service(s) 
— REPRINT of the MONTH 461 463 465 467 469 471 473 475 477 479 
a ee Eee ee aE Ee ee Se a a ee ee a a a ae a a ee a ee es oe 
© REPRINT ORDER FORM FOR SUBSCRIPTIONS 


Check One Box 
For Reprints of Medical Electronics, Part V: Prosthetics — Substitute Organs and Limbs (July 21, 1961) 











[] New 
Send me — Reprints of Key No. R-19e @ 25¢ each. 
[_] Renewal 
For Reprints of past SPECIAL REPORTS or FEATURE ARTICLES fill in below 
Send me Reprints of Key No @ ¢ each. Check One Box Below 
* _ — DOMESTIC 
For Reprints of other editorial articles in this issue, fill in below: 12.00 
oe ears — ‘ 
Send me reprints of article entitled html a LJ 3 y $ 
on page(s) . (Minimum order 100 copies) [] 1 year — $6.00 
*For Reprints of other editorial articles in past issues, fill in below: CANADA 
Send me reprints of article entitled — ee C) 1 year — $10.00 
on page(s) of issue dated __ ______. (Minimum order FOREIGN 
100 copies) oO 1 year — $20.00 
Check one box *First advise me of costs C Mail immediately and bill me tater. CO 
Product(s) M’f'd 
Name 
Number and Street Servtente) 





City, Zone No., State. 

















FIRST CLASS 
PERMIT NO. 64 
NEW YORK, N. Y. 














BUSINESS REPLY MAIL 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 








6¢ Postage Will Be Paid By 


electronics 

Reader Service Dept. 
Box 611 

Ridgefield, Conn. 








MERE ES, ADRES 
BEETLE 
AGRO REST 
Stes een 
LIE SAREE 
SR eee mT 
Si 
SRE See 
RET Rentmot 
aS orem 
Rie 
PRBBE SE ve 
a i aa 
COMEDIES 
RTE 
CIE EE 
FIRST CLASS 


PERMIT NO. 64 
NEW YORK, N. Y. 














BUSINESS REPLY MAIL 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 








6¢ Postage Will Be Paid By 


electronics 

Reader Service Dept. 
Box 611 

Ridgefield, Conn. 








FIRST CLASS 
PERMIT NO. 64 
NEW YORK, N. Y. 














BUSINESS REPLY MAIL 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 











6¢ Postage Will Be Paid By 


electronics 

Reprint Service Dept. 
330 West 42nd Street 
New York 36, N. Y. 





All electronics Editorial Matter 


Can Be Made Available in Reprint Form 


FOR SINGLE REPRINTS: electronics offers reprints or photocopies of all the editorial matter 
printed since its inception. Single copies of articles from the very first issue of electronics, 
printed in April, 1930 to the very latest issue may be obtained. (lf available as tearsheets they 
are free). Photostatic copies are offered at cost. Write today for a copy of any article you desire 


Bulk reprints are available in quantities of 100 or more at the nominal cost of reproduction. 
Prices for such reprints are not available as they will vary with the length of the article, color, 
makeup, etc. 


Reprints can be made up with the original cover of the magazine and your advertisement or 
other merchandising message on the back page 


Please write to Reprint Service Dept., electronics, 330 West 42nd St., New York 36, N.Y. or tel- 
ephone LO 4-3000 Ext. 3140 for all information pertaining to reprints. 





Reprints Available on Past 


Special Reports and Feature Articles 


(Order by Key No. Use REPRINT ORDER FORM on Reverse Side.) 


















































KEY NO. TITLE OF REPRINT NO. OF PAGES ISSUE DATE PRICE 
Key No. R-3 Materials for Environmental Extremes 16 Dec. 4, 1959 * 
Key No. R-5 Electronic Markets Special Report 18 Jan. 1, 1960 * 
Key No. R-7 Electronics Research and Development Around the World 24 Feb. 12, 1960 * 
Key No. R-8 Graphical Extensions of Transform Techniques 6 Apr. 1, 1960 10¢ each 
Key No. R-15 Microminiaturization 32 Nov. 25, 1960 * 
Key No. R-16 1960 Semi-Annual Index 16 July-Dec. issues 50¢ each 
Key No. R-17 Reference Section of The 1960-61 Electronics Buyers’ Guide 64 July 20, 1960 50¢ each 
Key No. R-19a Medical Electronics — Part |: Diagnostic Measurements 8 Jan. 20, 1961 25¢ each 
Key No. R-19b Medical Electronics — Part Il: Diagnostic Systems and 
Visualization 6 Feb, 3, 1961 25¢ each 
Key No. R-19c Medical Electronics — Part Ill: Therapeutic Devices 4 Feb. 24, 1961 25¢ each 
Key No. R-19d Medical Electronics — Part IV: Prosthetics — Hearing Aids 7 June 23, 1961 25¢ each 
and Blind Guidance Devices 
Key No. R-19e Medical Electronics — Part V: Prosthetics — Substitute 7 July 21, 1961 25¢ each 
Organs and Limbs 
Key No. R-20 Computers Today 32 Apr. 28, 1961 7” 
Key No. R-21 Electronics In Europe 32 June 9, 1961 * 
Key No. R-22a Plasma Engineering — Part |: Generating and Heating 7 July 14, 1961 25¢ each 
Plasma 





* Price: 1-10 copies, 75¢ each; 11-24 copies, 60¢ each, 25 copies or more, 50¢ each unless otherwise noted 








Resistors are coded by offset printer 


ink rolls. Blanking and inking 
rolls are mounted on a planetary 
gear arrangement. Keeping the 
type head stationary permits the 
addition of servo drives for auto- 
matic type changing under com- 
puter control. Blanket rolls are 
automatically cleaned between code 
changes and during idle periods. 

Final inspection data is used to 
reset the preceding inspection sta- 
tion to compensate for shifts in 
value caused by encapsulation heat. 
At the packing station, the resistor 
is pushed into a bank between two 
loading jaws. When the bank fills, 
an anvil pushes the resistors into 
a block of foam plastic. This ma- 
chine has computer -controlled 
servos which adjust it to the four 
resistor sizes. 

Between the first four stations, 
the resistor core is blown through 
plastic tubes by low air pressure. 
Conveyors are used from the cap- 
ping machine to the end of the line. 
The conveyors have _ individual 
stainless steel pallets on continu- 
ous belts. As the pallets index 
through each machine, the resistor 
is unloaded by a rubber-tipped vac- 
uum rod. Space is allowed between 
each machine for a five-minute in- 
ventory. Each machine will shut 
off if the storage space fills on the 
succeeding machine. 


Heat Joins Plastic Pipe 


BUTT FUSION is recommended by 
Phillips Chemical Co. for joining 
high-density plastic pipe used for 
conduit. The ends are squared with 
a saw and clamped so they face each 
other. An aluminum plate is placed 
between the two ends and heated 
to about 400 F for 30 seconds. The 
heated ends are pressed together 
until they cool, in about 20 seconds. 
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square 
weg 


round 
hole 


You can’t sell transistors to a short-order cook... 
nor a carload of frozen strawberries to a jewelry 
jobber. 


And you don’t have to waste advertising dollars trying 
to fit square pegs into round holes, either — not when 
the business publication you use is a member of the 
Audit Bureau of Circulations*. 


Our ABC report, for example, helps you aim your 
advertising message directly to the audience you seek 
to sell . . . not only the specialized markets we reach 
and how well we reach them . . . but also the voca- 
tional identity of each subscriber in these markets — 
who and how many. 


The phrase “Member of ABC” is significant to every 
advertiser who uses business publications. ABC re- 
ports provide him with a factual basis for reaching 
specialized markets . . . and the assurance that the 
people he wants to talk to will be there when the 
publication is delivered. 


We are proud to be an ABC member. 


electronics 


A McGraw-Hill Publication 
330 W. 42nd Street * New York 36, N.Y. @ 


* Through the reports issued by the Audit Bureau of Circula- 
tions, this publication, along with other publisher members of 
ABC, voluntarily and regularly give the buyers of advertising 
more verified factual info®mation than is available for any 
other advertising media at any time. 








New On The Market 





Cylindrical Film Memory 
15-NSEC CYCLE TIME 


THIN-WALL cylindrical film memory 
device has been developed by CBS 
Labs, High Ridge Rd., Stamford, 
Conn. Outputs for ONE and ZERO 
are several hundred mv. Material 
in the memory device is a composi- 
tion of cobalt, nickel and iron, and 
can plated without stringent 
controls of temperature, pH or vat 


be 


and 


composition. 
ZEROS and pure nondestruct opera- 


Bipolar ONES 
tion are inherent in the design, 
with pure nondestruct operation at 
cycle times as low as 15 ns. 
Scratch-pad operation is easily 
achieved. 


CIRCLE 301 ON READER SERVICE CARD 





Keyboard for Manual Plotting 
WORKS WITH X-Y RECORDERS 


KEYBOARD and converter unit are 
for use with any X-Y recorder or 
plotting table, for manual-entry 
point plotting. Numerical data is 
converted to graphical form on log- 
log, semi-log or linear coordinate 
papers. Fatigue and errors in plot- 
ting are greatly reduced. Logarith- 
mic plotting capability of the 
model 110 allows high accuracy and 
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of 
straight-line representation of mul- 


resolution each point, and 


tiplication, division, raising to 
powers or extracting roots. 

Unit provides full-scale ranges 
of one log cycle plotting to seven 
cycles, with four-column entry for 
each axis. Accuracy of conversion 
to log analog is 0.1 percent. Sys- 
tem response is about 1 second per 






point with typical plotting tables. 
Conversion accuracy for linear 
plotting is 0.05 percent and is in- 
stantaneous with key operation. 
The origin of a graph can be any- 
where on the paper. Plotting sys- 
tem is by King Scientific Co., 316 
Bocknell Rd., Costa Mesa, Calif. 
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Component Tester 
CURRENT MODULATED 


CURRENT-MODULATED testers quickly 
determine the d-c and a-c char- 
acteristics of Zener diodes, match- 
ing diodes, rectifiers, chokes, filters, 
transformers, relay coils and sole- 
noids, as well as meter movements 
and power supplies. The testers are 
suited for field service, quality con- 





trol, receiving inspection and engi- 
neering lab check-out. They use 
a 60-cps internal current-modulated 
circuit; external modulation from 
20 cps to 100 Kc is possible. An 
internal load makes it possible to 
calibrate d-c currents and modula- 
tion amplitude without applying 
power to the component. Damage 
by shorts is prevented through 
built in current limiting. Model MT 
302 (0 to 80 volts) is ready for im- 
mediate delivery; other models will 
be ready in late August. Manufac- 
turer is Modutronics, Inc., P. O. 
Box 368, Solana Beach, Calif. 
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MULTEPLIER 
DIVIDER 


MODEL MDOT 





Analog Computation 
MULTIPLIER-DIVIDER 


INEXPENSIVE computing device per- 
forms the operation D=A x B/C 
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From Indiana Steel Products Division of 
INDIANA GENERAL CORPORATION 





The ultra-high vacuum obtain- 
able with this Varian Vacion 
pump provides the nearest 
earthbound equivalent to outer 
space — showing effects on 
equipment, clothing, etc. The 
pump shown has a capacity of 
800 liters/second and uses 
approx. 276 ibs. of INDOX V. 


INDOX’V magnets improve space chamber vacuums 


Indiana Steel's INDOX V permanent magnets are helping Varian 
Vaclon pumps obtain verified vacuums past 10 ° mm Hg. Result: 
better space chambers, plus many additional critical vacuum 
applications. 


Advanced design ion pumps, manufactured by Varian 
Associates, Palo Alto, Calif., are providing ultra-high 
vacuums with greater efficiency. In fact, these pumps, 
using powerful INpox V magnets, are largely replacing 
diffusion pumps on critical vacuum applications. 


After a mechanical roughing pump removes most of the 
air from a given vessel, the ion pump goes into opera- 
tion. High voltage is applied, ionizing some of the gas 
particles and forcing electrons toward the anode. The 
powerful magnetic field of the INDox V_ permanent 
magnet deflects the traveling electrons into spiral paths, 
increasing path lengths and, therefore, the number of 
particle collisions and degree of ionization. Finally, the 


Orviston oF 


INDIANA 


ions bombard titanium cathode plates which frees 
titanium atoms to form stable compounds with the 
atoms of oxygen and nitrogen which are then deposited 
on the anode grid. Inert gases are also removed by 
burial in the cathode and entrapment on the anode. 


Varian selected Indiana Steel INpDox V magnets both 
for their magnetic characteristics and their uniform 
quality. Inbox V is a highly oriented ceramic magnet 
material with a peak energy product 31% times greater 
than conventional unoriented barium ferrite materials. 
It is lightweight and extremely resistant to the effects 
of demagnetization. 


Whether it’s a question of choice of magnet or a design 
problem, why don’t you take advantage of Indiana’s 
wealth of experience, research leadership and special- 
ized engineering “know-how”? Write today, outlining 
your needs. For further details on the INpox family of 
magnetic materials, ask for Bulletin 18A, Dept. A7. 


Phone HOward 2-3111 * Direct Distance Dialing Code 219 


INDIANA STEEL PRODUCTS 


VALPARAISO, INDIANA 


GENERAL 


CORPORATION 
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Cylindrical Film Memory 
15-NSEC CYCLE TIME 


THIN-WALL cylindrical film memory 
device has been developed by CBS 
Labs, High Ridge Rd., Stamford, 
Conn. Outputs for ONE and ZERO 
are several hundred mv. Material 
in the memory device is a composi- 
tion of cobalt, nickel and iron, and 
can be plated without stringent 
controls of temperature, pH or vat 


Keyboard for Manual Plotting 


composition. Bipolar ONES and 
ZEROS and pure nondestruct opera- 
tion are inherent in the design, 
with pure nondestruct operation at 
cycle times as low as 15 ns. 
Scratch-pad operation is easily 
achieved. 
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WORKS WITH X-Y RECORDERS 


KEYBOARD and converter unit are 
for use with any X-Y recorder or 
plotting table, for manual-entry 
point plotting. Numerical data is 
converted to graphical form on log- 
log, semi-log or linear coordinate 
papers. Fatigue and errors in plot- 
ting are greatly reduced. Logarith- 
mic plotting capability of the 
model 110 allows high accuracy and 
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resolution of each point, and 
straight-line representation of mul- 
tiplication, division, raising to 
powers or extracting roots. 

Unit provides full-scale ranges 
of one log cycle plotting to seven 
cycles, with four-column entry for 
each axis. Accuracy of conversion 
to log analog is 0.1 percent. Sys- 
tem response is about 1 second per 


point with typical plotting tables. 
Conversion accuracy for linear 
plotting is 0.05 percent and is in- 
stantaneous with key operation. 
The origin of a graph can be any- 
where on the paper. Plotting sys- 
tem is by King Scientific Co., 316 
Bocknell Rd., Costa Mesa, Calif. 
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Component Tester 
CURRENT MODULATED 


CURRENT-MODULATED testers quickly 
determine the d-c and a-c char- 
acteristics of Zener diodes, match- 
ing diodes, rectifiers, chokes, filters, 
transformers, relay coils and sole- 
noids, as well as meter movements 
and power supplies. The testers are 
suited for field service, quality con- 


trol, receiving inspection and engi- 
neering lab check-out. They use 
a 60-cps internal current-modulated 
circuit; external modulation from 
20 cps to 100 Ke is possible. An 
internal load makes it possible to 
calibrate d-c currents and modula- 
tion amplitude without applying 
power to the component. Damage 
by shorts is prevented through 
built in current limiting. Model MT 
302 (0 to 80 volts) is ready for im- 
mediate delivery; other models will 
be ready in late August. Manufac- 
turer is Modutronics, Inc., P. O. 
Box 368, Solana Beach, Calif. 
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The ultra-high vacuum obtain- 
able with this Varian Vacion 
pump provides the nearest 
earthbound equivalent to outer 
space — showing effects on 
equipment, clothing, etc. The 
pump sh has a capacity of 
800 liters/second and uses 
approx. 276 ibs. of INDOX V. 





INDOX’V magnets improve space chamber vacuums 


Indiana Steel’s INDOX V permanent magnets are helping Varian 
Vaclon pumps obtain verified vacuums past 10 ° mm Hg. Result: 
better space chambers, plus many additional critical vacuum 
applications. 


Advanced design ion pumps, manufactured by Varian 
Associates, Palo Alto, Calif., are providing ultra-high 
vacuums with greater efficiency. In fact, these pumps, 
using powerful Inpox V magnets, are largely replacing 
diffusion pumps on critical vacuum applications. 


After a mechanical roughing pump removes most of the 
air from a given vessel, the ion pump goes into opera- 
tion. High voltage is applied, ionizing some of the gas 
particles and forcing electrons toward the anode. The 
powerful magnetic field of the Inbox V_ permanent 
magnet deflects the traveling electrons into spiral paths, 
increasing path lengths and, therefore, the number of 
particle collisions and degree of ionization. Finally, the 


Orviston or 


INDIANA 


ions bombard titanium cathode plates which frees 
titanium atoms to form stable compounds with the 
atoms of oxygen and nitrogen which are then deposited 
on the anode grid. Inert gases are also removed by 
burial in the cathode and entrapment on the anode. 


Varian selected Indiana Steel Inpox V magnets both 
for their magnetic characteristics and their uniform 
quality. INpox V is a highly oriented ceramic magnet 
material with a peak energy product 314 times greater 
than conventional unoriented barium ferrite materials. 
It is lightweight and extremely resistant to the effects 
of demagnetization. 


Whether it’s a question of choice of magnet or a design 
problem, why don’t you take advantage of Indiana’s 
wealth of experience, research leadership and special- 
ized engineering “know-how”? Write today, outlining 
your needs. For further details on the INpox family of 
magnetic materials, ask for Bulletin 18A, Dept. AT. 


Phone HOward 2-3111 » Direct Distance Dialing Code 219 
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with an accuracy better than 0.1 
percent. Since parameters A and C 
are completely isolated, and may 
differ in form from B and D, a-c 
and d-c signals may be mixed with 
no loss in accuracy. MO-1 solid- 
state device is equivalent to a servo- 
mechanism. Bandwidths match or 
exceed those of electromechanical 
servos. 

Compact and rugged, the device 
is suited for military applications 
and severe environmental condi- 
tions. Because of the isolation of 
the parameters the unit can be used 
as an a-c to d-c, or d-c to a-c con- 
verter; ripple free d-c output is 


Miniature Flip-Flop 
LOW FAILURE RATE 


MINIATURE flip-flop has 12 com- 
ponents, each passivated by a sili- 
con-oxide film, and uses ceramic 
substrate 0.3 0.31 in. Oper- 
ating speed is in the nanosecond 
range. The circuits are being pro- 
duced initially on order, 
fication, with cost equal to con- 
ventional circuits. All components 
are pretested and the units have 


to speci- 


Backward Wave Tubes 
12.4 TO 26.5 GC RANGE 
RUGGED K-band backward wave os- 
cillators meet severe military re- 
quirements. Frequency range of 
the QKB890 is 12.4 to 18 Gc; QKB- 
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available without using filters; fre- 
quency conversion can be accom- 
plished with ease; squaring is 
accomplished by letting A=B; 
square root taking requires an 
additional amplifier. The unit con- 
sists of a computation element and 
a power amplifier. The multiply- 
ing element is approximately 
24 «x 21 x 2? inches; dimensions 
for the power amplifier vary, de- 
pending on the application. The 
unit is available on a 6-8 week 
basis, from Elasco Inc., 5 Prescott 
St., Roxbury 19, Mass. 
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failure rate of 0.001 percent per 
1,000 hours. Components’ are 
mounted by wafer bonding; a 
ceramic coating provides mechan- 
ical rigidity. Manufacturer is 
General Instrument Semiconductor 
Div., 65 Gouverneur St, Newark 4, 
N. 2. 
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891 range is from 18 to 26.5 Ge. 
Both tubes have 20-mw minimum 
output, control grid for low-voltage 
pulsing and permanent magnet 
focusing. Minimum space needed 
between tubes is 2 inches. 

The tubes are suitable for space, 
airborne and ground-based appli- 
cations, as swept local oscillators 
and as pump tubes for parametric 
amplifiers. Manufacturer is Micro- 
wave and Power Tube Div., Ray- 
theon Co., Foundry Ave, Waltham 
54, Mass. 
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Digital Counter 
10-NSEC ACCURACY 


TIME INTERVAL measurements in 
digital form with 10-nsec accuracy 
are available with Model 5275A 
counter, by Hewlett-Packard Co., 
1501 Page Mill Rd., Palo Alto, 
Calif. Applications include meas- 
urement of explosive burning rate, 
timing test vehicle speed and accel- 
eration in free-flight wind tunnels 
and measurement of nuclear phe- 
nomena. Range extends from 10 
nsec to 0.1 second; counted fre- 
quency is 100 Mc, obtained from an 
external 1-Mc standard which is 
multiplied 100 times by an internal 
circuit. Neon columns give a 7- 
place reading in microseconds, with 
automatically positioned decimal 
point. 
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Pressure Transducer 
MINIATURIZED 


PRECISION RESEARCH INC., 43 West- 
over Lane, Stamford, Conn., has de- 
veloped miniaturized differential 
transformer pressure transducers 
intended to be used in problem 
areas where pressure of high tem- 
perature liquid metals is to be 
measured. Smallest probe size 
presently available has a sensing 
end diameter of 0.230 to fit a 0.250 
in. i-d well at an operating temper- 
ature of 300 C. Differential trans- 
former is sensitive to diaphragm 
movements of less than 0.005 in. 
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Photo-Sensor 
FOR DISPLACEMENT 


MICRO-PHOTO-SENSOR that provides 
sensitive light spot displacement 


electronics 





PRINTED CIRCUIT 
DRAFTING AIDS 


Time Saving Shapes and Narrow Tape for 
Making Printed Circuit Master Drawings 


“KWIKY-DOT” overlapping Donuts 
and solid Discs for quick and easy 
application. 
Pressure-sensitive Teardrops, 
Twin Pads, T’s, and Corners. 
Black non-stain, non-smudge narrow 
tape in 15 or 60 yd. rolls from 
1/32” wide. Also red translucent 
and black on white. 
WRITE FOR HANDY CROSS REFERENCE 
CHART, PRICE LIST AND FREE SAMPLES. 


BY-BUK COMPANY 
4314 WEST PICO BLVD. - LOS ANGELES 19, CALIF 
Same Day Shipment is Our Usual Service 
CIRCLE 206 ON READER SERVICE CARD 
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C! solid-state 
power supplies meet 
critical requirements 


Custom-designed and 
standard EIC solid-state 
power supplies meet 
your most demanding 
requirements for frequency 
and voltage regulation, size, and 
performance. Prototypes can often 
be delivered within two weeks, and production 
runs in any quantity can follow immediately. 


Standard models include a broad range from 
subminiature static units to kilowatt supplies for 
ground support equipment and automatic con- 
trols. Prices are very competitive. Write for data 
on standard models, or describe your require- 
ments. We welcome an opportunity to serve you. 


ELECTRODYNAMIC INSTRUMENT CORPORATION 


Subsidiary of Reed Roller Bit Company 


1841 Old Spanish Trail Houston 25, Texas 
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For Military and 
OTe] salaal-jeeii-4 
pNeje}iver-uitolar— 


Grayhill 
Miniature 
Rotary 

Tap Switches 


These switches are designed to meet 
military and commercial specifications 
and ruggedly built to precision stand- 
ards. 

Grayhill No. 5000, No. 12, and No- 
24 Series. 1.01” dia. Break 1 amp., 115 
VAC, resistive. Carry 5 amps. I to 10 
decks, 2 to 10 positions per deck—1 or 
2 poles per deck—shorting or non- 
shorting. Life 100,000 cycles. Also No. 
24 Series, spring return switch. 

Concentric Shaft. No. 6 (1 to 3 decks 
per shaft—Total 6 decks) and No. 36 
Series (1 or 2 decks per shaft. Total 4 
decks). 1.01” dia. 2 to 10 positions per 
deck. Break 1 amp., 115 VAC, resistive. 
Carry 5 amps. Two switches in one. 14” 
shaft controls '4 of the decks, 1%” shaft 
controls the other half. 

No. 45 Series Midget. .640” dia. 
Single deck only. 60° indexing. Break 1 
amp., 115 VAC, resistive. Carry 5 amps. 
Life 100,000 cycles. 





vy Switch 
vy lest 
v Connect 
with 
GRAYHILL 


**"N. Gineer’ 


Grayhill offers a full line of 
Rotary Tap Switches, Push 
Button Switches, Test Clips, 
Binding Posts, and other 
miniature’ electrical and 
electronic components. 


ASK FOR CURRENT CATALOG. 


a ie 
A Af ee ee 


523 Hillgrove Avenue, 
IN MINIATURIZATION’’ 


¢., 
Lpedth 


“*PIONEERS 


LaGrange, Illinois 
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General 
Electric 
Silicone 
dielectric 

grease 


a 


An 
excellent 
electrical 
insulating 
compound that’s 
easily applied 
and stays 
in place. Water repellency 
protects terminals, 
connections from 
failure due to 
moisture. 


Good heat transfer for 
transistor applications. 


Maintains protection 
from — 65°F to 400°F; 
won't solidify 

or evaporate. 


Chemically inert. 


Protects copper, 
other metals 
against corrosion. 


For full information on G-E silicone 
dielectric grease, plus a free 2 07. 
sample tube, write on your com- 
pany stationery to: General Electric 
Company, Silicone Products 
Department, Section | 
Waterford, New York. 


GENERAL ($6) ELECTRIC 


106 


| per mw 
| ment. 

| to less than $20, depending upon 
| quantities 








measurements is manufactured by | 


Micro Systems, Inc., 319 Agostino 
Rd., San Gabriel, Calif. Device 
MPS100 is suited for applications 
prohibiting mechanical loading and 
where a controlled intensity light 
spot may be employed. It consists 


of a pair of silicon photo diodes | 
| accurately separated. 


differential emf, which is a measure 


| of the difference in light incident 
| upon the two cells. Characteristics 
| obtained 


with a _ tungsten light 
source include: light sensitivity of 
250 mv at 50 mw per sq cm, light 
displacement sensitivity of 35 mv 

per 0.001 inch displace- 
Immediate delivery at $75 
and specialized char- 
acteristics. 
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Ceramic Magnet 


INDIANA GENERAL CORP., Indiana 
Steel Products Div., Valparaiso, 
Ind. Magnet material is designed 
for microwave equipment where re- 
sistance to demagnetizing forces is 
required. 
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Flat Ribbon Cable 
MULTICONDUCTOR 


SPECTRA-STRIP WIKE & CABLE CORP., 


| P. O. Box 415, Garden Grove, Calif., 
| introduces 

| colored flat 
| tages include light weight, flexibil- 


multi- 
Advan- 


multiconductor, 
ribbon cable. 


ity, ease of handling, full visibility 
of color code, control of intercon- 


| ductor capacitance, and uniformity 
| between 
| the next. 


one length of cable and 
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Epoxy Adhesive 
EXTRA BONDABILITY 


CONAP, INC., 184 E. Union St., Al- 
legany, N. Y. Conap 1222 
adhesive provides bonds to alumi- 
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Output is a 


| 


epoxy | 


for the latest advances in 
design and performance 
always specify 
Coaxial Connectors by 


Automatic 


METAL PRODUCTS CORPORATION 
323 Berry St., B’klyn 11, N.Y. © EVergreen 8-6057 
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num exceeding 5,000 lb per sq in. 
and offers very good adhesion to 
steel, copper, glass and porcelain. 
Material has built-in toughness 
combined with excellent ductility; 
offers good resistance to chemical 
attack and retention of strength 
even after 30 day immersion in 
water. It will cure in 1 hr at 300 F. 
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Wire Clippers 
AIR POWERED 


CHICAGO PNEUMATIC TOOL CO., 6 E. 
44th St., New York 17, N. Y., an- 
nounces pneumatically powered 
Air-Nips designed for production 
wire trimming. Requiring 28 times 
less pressure to operate than con- 
ventional hand pliers, they elimi- 
nate operator fatigue. They fea- 
ture a pointed cutting head that 
can be rotated 180 deg to get at 
hard to reach leads on p-c boards. 
They will work off a } h-p com- 
pressor. 
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Coax Attenuators 
RUGGED AND STABLE 


COAX DEVICES, Box V, Chelsea 50, 
Mass., announces attenuators with 
a typical vswr of 1.2. They operate 
over the frequency range from d-c 
to 2 Ge. Typical attenuator devia- 
tion is 5 db. Units are available in 
3, 5, 6, 10, 15, 20, 30 and 40 db 
values. Standard connector types 
are N, C, TNC, BNC, HN, LT, LC. 
Price ranges from $30-$40. 
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E R | E [diet [tt cen MODEL 925 


idal-merelelali-je 
latclaa-leal-jlaaleol-je-te 


SOLID 
STATE 


20 MC 


UNIVERSAL 
COUNTER- 
TIMER 


All new . . . the rugged, compact Model 925 is designed to offer 
the ultimate in reliable counting of periodic or random electrical 
events and precise measurement of Frequency, Period and Time 
Intervals. Built-in memory provides readout storage, continuous 
display while counting, more frequent sampling and less operator 
eye fatigue. Modular construction. 


OUTSTANDING FEATURES: 


IN-LINE NIXIE READOUT 


8 DIGIT MEMORY — 
No Blinking 


SENSITIVITY — .1V RMS — 
All 3 Channels 


THREE DC AMPLIFIERS 
HIGH INPUT IMPEDANCE 
AUTOMATIC DECIMAL POINT 


ONLY 3%” RACK SPACE 
(Model 925-R) 


DECADE TIME BASE — 
No Adjustments 


STABILITY — 1 Part In 
10e/Day; 5 Parts in 108/Week 


ONE HAND 
PORTABILITY 


Write today for complete specifications on the Model 925 or 
Model 925-R (Rack Model) — 


or industrial applications. 


the ideal instrument for laboratory 


NER 


VALLE nyc 


FRI F-PA CIFIC. DIVISION OF ERIE RESISTOR 


th Weber Way, Hawthorne, Calif. e ORegon 


Re 
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workhorse of 
reliability 
testing 


HOURS 
AND TENTHS 
OT TLS 


‘sa a ae 


ha 


This A. W. Haydon ETI is ideal for 
applications where space is a prob- 
lem. Less than 3” long, 1%” dia, it’s 
production-test-proved to record up 
to 9,999.9 hours at better than 
99.9% accuracy—much more relia- 
bility than what it’s testing. The 
23200 series for 60-cycle, or the 
25200 series for 400-cycle run on 3 
watts of 115 v., exceed requirements 
of MIL-M-7793. These ETI’s are tested 
for service from —65° to +250°F... 
altitude to 80,000’...20g vibration up 
to 2,000 cycles. To get full details, 
write The A.W. Haydon Company today. 


AYDON 


COMPANY 


235 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 





PRODUCT BRIEFS 


CENTRIFUGAL BLOWERS rack 
mounted. McLean Engineering 
Labs, Inc., Princeton, N. J. (315) 


PHOTOCONDUCTIVE CELL cadmium 
sulphide. National Semiconductors 
Ltd., 230 Authier St., Montreal 9, 
Canada. (316) 


ROTARY-TYPE POT subminiature de- 
vice. Daystrom, Inc., Archbald, Pa. 
(317) 


EPITAXIAL TRANSISTORS high-speed. 
National Semiconductor  Corp., 
Donbury. Conn. (318) 


TOROIDAL WINDING MACHINE Ccom- 
pact. Universal Mfg. Co., Inc., 1168 
Grove St., Irvington 11, N. J. (319) 


ATTENUATORS tuned, microwave. 
Maury & Associates, 10373 Mills 
Ave., Montclair, Calif. (320) 


MOTOR-GENERATOR for lab testing. 
Kato Engineering Co., Mankato, 
Minn. (321) 


SELENIUM RECTIFIER high current 
density. Westinghouse’ Electric 
Corp., P.O. Box 2099, Pittsburgh 
30, Pa. (322) 


HUMIDITY CHAMBER 6 cu ft, port- 
able. Wyle Laboratories, El] Se- 
gundo, Calif. (323) 


KLYSTRON TUBES super-power. Lit- 
ton Industries, 960 Industrial 
Road, San Carlos, Calif. (324) 


TELEMETERING TRANSMITTER for 
short distance. Wiley Electric 
Products Co., 2045 W. Cheryl Dr., 
Phoenix, Ariz. (325) 


PRESSURE TRANSDUCER low-differen- 
tial. Consolidated Electrodynamics 
Corp., 360 Sierra Madre Villa, 
Pasadena, Calif. (326) 


VERSATILE SEQUENCER high reliabil- 
ity. Alpha-Tronics Corp., 1033 En- 
gracia, Torrance, Calif. (327) 


TAPE PUNCH & TAPE READER high 


speed. Teletype Corp., 5555 Touhy 
Ave., Skokie, Ill. (328) 


SHAFT POSITION ENCODER analog-to- 
digital. Datex Corp., 1307 S. Myrtle 
Ave., Monrovia, Calif. (329) 


LIQUID EPOXY DISPENSER finger tip 
control. Kenics Corp., P.O. Box 
27, Greenwood Station, Wakefield, 
Mass. (330) 
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MANUFACTURED 
TO YOUR 
SPECIFICATIONS 


One of a kind, or millions of parts 
... you get the closest tolerances 
from GARNER —tolerances which 
have led the field in the redrawn 
glass industry since 1953. 


Large stocks of many different glass 
types and sizes—including the unusual. 
Available for immediate redraw. 

Customer minded—We constantly up- 
grade equipment and techniques to keep 
ahead of your needs. You'll find us espe- 
cially helpful on difficult requirements. 
On-time deliveries—GARNER is geared 
for volume production to tight specifica- 
tions—on a day-to-day basis. You get the 
parts you need... when you need them. 


| Send for complete data. 


T. H. GARNER 
COMPANY 


177 S. Indian Hill Bivd. 
Claremont, Calif.» NAtional 6-3526 
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Literature of the Week 


ANGULAR POSITION TRANS- 
DUCER _ Baldwin - Lima - Hamil- 
ton Corp., 42 Fourth Ave., Waltham 
54, Mass. The Angulator, a device 
that measures limited angular dis- 
placements continuously and accu- 
rately, is described in a recent 
data sheet. (331) 


COMMUNICATIONS CATALOG 
Marconi Italiana S.P.A., Genoa, 
Via Corsica 21, Italy, offers a cata- 
log indicating the range of radio 
communication and broadcasting 
products it manufactures. (332) 


COMPONENT CONTAINERS 
Olympic Products Co., Inc., Alpha, 
N.J. A 32-page bound catalog de- 
scribes a line of square, round, 
and rectangular cases for elec- 
tronic component packaging. (333) 


D-C AMPLIFIER Neff Instru- 
ment Corp., 1088 E. Hamilton Road, 
Duarte, Calif. Bulletin gives com- 
plete specifications for type 101A 
solid state de- amplifier. (334) 


TILTING INSTRUMENT PANEL 
TA Mfg. Corp., 4607 Alger St., Los 
Angeles 39, Calif., offers an engi- 
neering brochure describing Con- 
solet portable tilt panel instrument 
cases. (335) 


CERAMIC CAPACITORS Gul- 
ton Industries, Inc., 212 Durham 
Ave., Metuchen, N.J. A 16-page 
booklet describes a line of Glen- 
nite ceramic capacitors. (336) 


COMPUTERS Phileco Computer 
Division, 3900 Welsh Road, Willow 
Grove, Pa. Catalog lists all cur- 
rently available material on the 
Phileco 2000 electronic data proc- 
essing system. (337) 


PHOTOELECTRIC TAPE 
READER Omnitronics, Inc., 511 
N. Broad St., Philadelphia 23, Pa. 
A data sheet covers model PTR-71, 
which incorporates a_ bidirectional 
drive with the application of 
chopped reflected light in the tape 
reading process. (338) 


AIRBORNE TELEMETERING 
Electro-Mechanical Research, Inc., 


P.O. Box 3041, Sarasota, Fla. A 
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four-page catalog describes a line 
of f-m instruments and accessories 
for airborne telemetering. (339) 


ARC SUPPRESSION RECTI- 
FIERS Electronic Devices, Inc., 
50 Webster Ave., New Rochelle, 
N.Y., has published a two-page 
bulletin on its are suppression 
selenium rectifiers. (340) 


PHOTOVOLTAIC CELLS Day- 
strom, Inc., Weston Instruments 
Div., 614 Frelinghuysen Ave., New- 
ark 12, N. J. Bulletin 03-201-A dis- 
cusses features, selection, and ap- 
plications of selenium photovoltaic 
cells. (341) 


SELENIUM RECTIFIERS 


tron Co., 


Syn- 
Homer City, Pa., an- 
nounces a bulletin giving electri- 
cal and mechanical specifications 
of a line of certified selenium cells 
and stacks, and cartridge type se- 
lenium rectifiers. (342) 


MICROWAVE COMPONENTS 
Caswell Electronics Corp., 414 
Queens Lane, San Jose 12, Calif. 
Condensed catalog illustrates and 
describes ferrite microwave com- 
ponents and subassemblies. (343) 


LOW PRESSURE CELL Inter- 
national Resistance Co., 401 N. 
3road St., Philadelphia 8, Pa. A 
highly accurate explosion proof low 
pressure cell for pressure meas- 
urement applications is described 
in a 2-page bulletin. (344) 


LOGIC BLOCKS Rese _ Engi- 
neering, Inc., A and Courtland 
Streets, Philadelphia 20, Pa. Four- 
page bulletin describes 200 Ke 
transistor-operated logic circuit 
plug-ins. (345) 


H-V CAPACITORS 
tric Mfg. Corv., =40 39th St., Union 
City, N.J. A 4-page catalog de- 
scribes h-v d-c Mylar capacitors 
that surpass requirements of MIL- 
C-25A, characteristic E. (346) 


Corson Elec- 


STRAIN GAGES Micro Systems 
Inc., 319 Agostino Rd., San Gabriel, 
Calif., has available a catalog on 
29 new Micro-Sensor semiconductor 
strain gages. (347) 





tiniest timer 
for 
reliability 
studies 


Fe 
9-6 68 


HOURS AND 


This A. W. Haydon ETI is essential for 
applications where space is critical. 
We don’t know of any other ETI that 
can touch it for size—only 4 cubic 
inch. It records hours to 999.9 or 
9999, with over 99.9% accuracy... 
runs on a half watt, 115 v, 400-cycle 
input...weighs 0.75 oz....exceeds 
requirements of MIL-M-26550. Tem- 
perature range, —65° to +250°F... 
altitude 80,000’...20g vibration up to 
2,000 cycles. The microminiature ETI 
is designed for reliability test engi- 
neering. For full details on this, and 
its companion events counter, write 
The A. W. Haydon Company today. 


AYDON 


COMPANY 


235 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
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PEOPLE AND ?LANTS 


FAE instpuweny 


Cope 


FAE Instrument Gets Larger Quarters 


FAE INSTRUMENT CORP., designer 
and maker of precision miniature 
magnetic rotating devices for servo 
systems, computers, antenna drives 
and other critical commercial and 
military applications, recently 
moved into newly-constructed quar- 
ters in Huntington Station, L. L., 
Nw. X: 

Alex Onyskin, president, reports 
that expanding sales of the firm’s 
line of clutches, clutch-brakes, 
brakes, gears, gear-heads, differen- 
tials, bellows couplings and_bal- 
anced clamps, virtually forced FAE 
out of its space in Long Island City. 

Now situated in an _ industrial 
park, the plant was built to meet 
the company’s specific needs. It 
doubles FAE’s production capacity. 
It houses completely-equipped, fully 
air-conditioned engineering, devel- 
opment, sales and manufacturing 
areas arranged for maximum util- 
ity and for the comfort of a con- 
templated full complement of 65 
employees. 

The 8,000-sq-ft building features 
an up-to-date “white room” for 
maximum cleanliness in assembly, 
an electronic test and research lab- 
oratory, and a manufacturing area 
designed for the greatest degree of 
efficiency and continuity in rotating 
component work-flow, company 
says. 

Onyskin started FAE Instrument 
10 years ago to build servo system 
components. He has also done con- 
sulting work on servo packaging 
for a number of large firms. 

The recent move, Onyskin says, 
was brought on by the success of a 
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line of particle clutches which are 
about to be followed by a new type 
of crystal clutch. 

Other officers of the concern in- 
clude: Mrs. Ann Mankes, secretary- 
treasurer; Arthur Blake, produc- 
tion control manager; and Robert 
Goff, sales manager. 


Lockheed Electronics 
Promotes Benzing 


LOUIS H. BENZING has been ap- 
pointed assistant general manager 
of the Military Systems/Stavid 
Division of Lockheed Electronics 
Co., Plainfield, N.J. 

With the company since 1955, 
Benzing has been serving as as- 
sistant to the general manager 
since 1958. 


Trak Microwave 

Hires Pichal 
APPOINTMENT of Henri T. Pichal as 
staff engineer has been announced 
by Trak Microwave Corp., Tampa, 
Fla. The company was organized 


last year as a subsidiary of Trak 
Electronics Co., Inc., of Wilton, 
Conn., and specializes in engineer- 
ing and manufacture of miniature 
microwave energy sources. 

Pichal comes to Trak Microwave 
from Electronic Communications, 
Inc., St. Petersburg, Fla., where 
he served as project and staff engi- 
neer. 


GPI’s Link Division 
Advances Timmons 


KENNETH P. TIMMONS has been ap- 
pointed manager of the Western 
Laboratory of the Link Division, 
General Precision, Inc., Palo Alto, 
Calif. With Link since 1957, he 
served successively as senior engi- 
neer, manager of engineering serv- 
ices, and business manager. 

Link manufactures flight simu- 
lators, and also specializes in air- 
craft, fire control, radar and ground 
support electronics and other spe- 
cial fields pertinent to the develop- 
ment of advanced systems for in- 
dustry and defense. 


National Semiconductor 
Appoints Mitchell 


NATIONAL SEMICONDUCTOR’ CORP., 
Danbury, Conn., producer of silicon 
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THERE !S SOMET,,, 


Yes, there is something new under the sun. Science is proving 
this every day. With new discoveries. New explorations. 
New concepts. 

Nowhere is this more evident than in the field of technology. 
For example: On the drawing boards of Lockheed Scientists 
and Engineers, new designs are constantly being born— 
designs in Spacecraft and Aircraft that will reinforce and 
enlarge our growing knowledge of Outer Space. 

These new designs are rapidly developing. And their num- 
ber is rapidly increasing. The pace is fast. Yet it needs to 
become faster. To keep pace, Lockheed needs more Scientists, 
more Engineers. Result? The future for Lockheed was never 
more promising—the opportunities never greater. 

Lockheed feels that trained men will do well to examine 
thoughtfully the Company's current openings. Notable among 
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these are: Aerodynamics engineers; thermodynamics engi- 
neers; dynamics engineers; electronic research engineers; 
servosystem engineers; electronic systems engineers; physi- 
cists (theoretical, infrared, plasma, high energy, solid state, 
optics); hydrodynamicists; ocean systems scientists; physio- 
psychological research specialists; electrical-electronic design 
engineers; stress engineers; and instrumentation engineers. 


Scientists and Engineers: To learn more about the oppor- 
tunities at Lockheed, write Mr. E. W. Des Lauriers, Manager 
Professional Placement Staff, Dept. 1506, 2408 No. Hollywood 
Way, Burbank, California. All qualified applicants will receive 
consideration for employment without regard to race, creed, 
color, or national origin. U.S. citizenship or existing Department 
of Defense industrial security clearance required. 


L O Cc K Hi E E D , oe DIVISION 
i, 











Advertisement 


General Atomic Provides 


PULSED 
RADIATION 
FACILITIES 


An unusual combination of pulsed 
radiation facilities is now available 
on a scheduled basis to industry 
and military organizations for con- 
ducting transient radiation effects 
testing. These facilities include, at 
a single location, the TRIGA Mark-l 
and Mark-F reactors and the high- 
energy Electron Linear Accelerator. 

In addition to the skilled per- 
sonnel who operate the facilities, 
scientific and engineering staff 
members with extensive experience 
in transient radiation effects test- 
ing programs are available to assist 
in planning and executing specific 
research programs. 

Testing can range from funda- 
mental studies of transient radia- 
tion effects to the environmental 
testing of specific components and 
systems. The TRIGA reactors 
developed by General Atomic are 
designed to yield reproducible, 
pulses of neutrons and gamma rays 
up to a peak fast neutron flux of 
4.0 x 10'* nv. The powerful 45 
Mev L-band Electron Linear Accel- 
erator provides extremely short 
pulses of high energy electrons, 
gamma rays or both. 


Write now for complete informa- 
tion on these facilities to: 
Applications Group-FS, General 
Atomic, P.O. Box 608, San Diego 
12, California. 


GENERAL DYNAMICS 
GENERAL ATOMIC 
DIVISION 
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alloy and mesa transistors, has ap- 
pointed Walter B. Mitchell to the 
position of director of electronics. 
Activities under his direction will 
encompass’ device applications, 
evaluation and_ reliability, test 
equipment design and fabrication. 

Prior to joining NSC, Mitchell 
was chief, evaluation engineering 
at Transitron Electronics. 


Webber Advances 
At Martin-Orlando 


HUGH E. WEBBER has been named di- 
rector of the technical and research 
staff of The Martin Company’s Or- 
lando Division. 

TARS is responsible for the 
division’s major research and de- 
velopment programs in _ technical 
fields related to missiles and elec- 
tronics. 

Prior to being named to his new 
position, Webber was Martin-Or- 
lando’s engineering support di- 
rector. 


Ortho Industries 
Forms Subsidiary 


A NEW electronic subsidiary called 
Ortho Dynamics, Inc. has been es- 
tablished in Orlando, Fla., by the 
parent firm, Ortho Industries, Inc., 
Paterson, N. J. 

William E. Lane has been named 
vice president and general manager 
of the new facility. According to 


Lane, Ortho Dynamics will engage 
in contract work and research, de- 
sign and production of a line of 
solid state and semiconductor de- 
vices. Products will include a power 
supply line and a line of telemetry 
signal conditioning devices. 

The new firm expects approxi- 
mately 60 percent sales in products; 
30 percent in systems and contract 
work; and 10 percent in research 
and development of _ specialized 
equipments. 


James Brophy Assumes 
New Position at ARF 


APPOINTMENT of James J. Brophy 
as director of technical develop- 
ment for the Armour Research 
Foundation of Illinois Institute of 
Technology is announced. 

A member of the Foundation 
staff since 1951, Brophy succeeds 
Richard Humphreys who recently 
became president of Cooper Union 
College in New York. 


Airtron-Pacifie Gets 
New Chief Engineer 


ROLLIN H. KOONTZ has been named 
chief engineer of Airtron-Pacific, 
a division of Litton Industries, 
Beverly Hills, Calif. 

Prior to joining Litton, Koontz 
was a specialist in the microwave 
components section of the Radiat- 
ing Systems Division of Electronic 
Specialty Co. 


Rodney D. Chipp Heads 
Consultant Group 


UNTIL recently an engineering ex- 
ecutive at International Telephone 
& Telegraph Corp., Rodney D. 
Chipp has left to head the new firm 
of Rodney D. Chipp & Associates, 
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these 


a ae ag 
Components 
Up to 10 times 


FASTER! .. 


TL 


Dynasert Component In- 
serting Machine slashes 
costs even if you insert 
only a few hundred com- 
ponents a week. Equally 
fast on big or small 
boards, long or short runs, small (to .032” 
diameter) or large components. Model 
changeover in seconds. Dynasert auto- 
matically feeds, trims, bends leads, in- 
serts, and clinches precisely and uni- 
formly. Leads automatically clinched to 
follow circuit. Send for cost-saving facts 
and figures, today. Dynasert Dept., 
United Shoe Machinery Corporation, 
Boston, Massachusetts. 


dadonneannnne connote 


LE 
DYNASERT. 
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NEW LOW PRICE! 


MODEL 


1010 


WITH 
? 








ROBOTEC 


overload and 


short pemeeton 2 OW f 4 § U P P LY 


wit 1-100 VDC 
Heatran 071.0 AMP 


electronic High efficiency, 
dissipation stabilized solid state 
control DC power supply with 


.05% regulation, 
5 50 1 millivolt ripple, 
.015 ohm source im- 


pedance, 50 micro- 
FOB FACTORY second response time, 
Other Models 55-440 cycle input. 
Available. Write 


for Catalog 





| 





SEMICONDUCTORIZED 


IMMEDIATE DELIVERY | 


Power | 
1700 SHAMES DRIVE, WESTBURY, NEW YORK! 


EDgewood 3-6200 (LD Area Code 516) 
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Consulting Engineers, with head- 
quarters in Bloomfield, N. J. 

Besides pioneering in television 
and radar, Chipp has three decades 
of experience in design and opera- 
tion and management of electronic 
and communications systems. 


Dunn Engineering Enters 
Digital Systems Field 


DUNN ENGINEERING CORP., Cam- 
bridge, Mass., developer-manufac- 
turer of electronic systems and in- 
ertial guidance and other missile 
test instruments, has established a 
digital systems department. 

New department will develop ad- 
vanced digital techniques for check- 
out of guidance equipment and for 
automatic control of industrial 
processes, Joseph M. Dunn, presi- 
dent, announced. 


PEOPLE IN BRIEF 


Adam Zittell leaves RCA to join 
Line Electric Co. as plant man- 
ager. David Karrmann, formerly 
with the Southern New England 
Telephone Co., appointed antenna 
engineer for Wind Turbine Co. 
Thomas J. Sullivan transfers from 
J. Bishop Co. to International Re- 
sistance Co., plastic products divi- 
sion, as production control super- 
visor. Stanley E. Benson of 
General Dynamics/Electronics ad- 
vances to manager of long range 
planning for the marketing divi- 
sion. Windsor H. Hunter moves 
up to director of development at 
Transitron Electronic Corp. Mich- 
ael T. Trainor, previously with 
ITT-Kellogg, named executive en- 
gineer for Adler Electronics’ mili- 
tary products division. Wilson M. 
Alford promoted by Hamilton 
Standard, division of United Air- 
craft Corp., to chief engineer of 
ground support equipment. Neil 
M. Blair of Amphenol-Borg named 
president of the FXR division. 
Chester W. Nimitz, Jr., leaves 
Texas Instruments to become vice- 
president of Perkin-Elmer Corp. 
and general manager of the in- 
strument division. Howard H. 
Aiken, director of the Harvard 
Computation Lab., elected to the 
board of directors of WacLine, Inc. 
Pat Minervini promoted to engi- 
neering manager of Daystrom’s 
military electronics division. 
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A 
POWER 
HOUSE 


BF SERIES 


BATTERY HOLDER 


Literally, BF Series Battery Holders are 
powerhouses ... designed for use as highly 
stable, panel mounted cell sources of power. 
They will accommodate batteries and cells 
up to 1%” diameter and lengths from 1'%,” 
to 7%”, enabling use of different battery 
combinations to obtain wide selection of 
voltages. Batteries are exchanged simply 
by unscrewing holder cap. Designed for 
mounting up to a 1%” diameter hole and 
¥_” panel thickness. 

Inquiries for special battery holder lengths 
are invited. Complete data available on 
request. 


300 SERIES: + Designed to accommo- 
date batteries up to's” diameter and 
lengths 1.300 to 5.850. 


* 
400 SERIES: * Accommodates batteries 
1” to 1%” diameter and lengths from 
1%" to 6%". 

e 
500 SERIES:+Accommodates batteries 


ranging from 134” to 1%” diameter and 
lengths from 2%" to 7%”. 


reves: Sovty evra 
SECURITY 


DEVICES 
LABORATORY 


ROCHESTER 21. NEW YORK 
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EMPLOYMENT OPPORTUNITIES 


electronics 


WEEKLY QUALIFICATION FORM 
FOR POSITIONS AVAILABLE 


ATTENTION: COMPANY SEE PAGE KEY # 
ENGINEERS, SCIENTISTS, PHYSICISTS ARMOUR RESEARCH FOUNDATION a2 ’ 


IHinois Institute of Technology 
This Qualification Form is designed to help you advance in the elec- Cieege, Sante 





tronics industry. It is unique and compact. Designed with the assistance ESQUIRE PERSONNEL 
of professional personnel g t, it isolates specific experience in Chicage, Hlinois 
electronics and deals only in essential background information. 





IBM CORPORATION 
New York, New York 
The advertisers listed here are seeking professional experience. Fill in 
i H KOLLSMAN INSTRUMENT CORP. 
the Qualification Form below. Sx of tied tilicamn 
Industries Inc. 


Elmhurst, New York 
STRICTLY CONFIDENTIAL 


LOCKHEED 
Your Qualification form will be handled as “Strictly Confidential” by California Div. 


ELECTRONICS. Our processing system is such that your form will be Burbank, California 





forwarded within 24 hours to the proper executives in the companies LOCKHEED MISSILES & SPACE DIV. 


you select. You will be contacted at your home by the interested com- Sunnyvale, California 
panies. NORTHROP CORPORATION 
Beverly Hills, California 





WHAT TO DO PHILCO WESTERN DEVELOPMENT LABS. 
z aan r : Palo Alto, California 
. Review the positions in the advertisements. 


. Select those for which you qualify. SANDERS ASSOCIATES INC. 
. Notice the key numbers Advanced Systems Laboratories 
; ; “ Burlington, Mass. 
. Circle the corresponding key ber below the Qualification Form. 
. Fill out the form completely. Please print clearly. WLAC-TV INC. m5 
. ° - . Nashville, Tenn. 
. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS, 
Box 12, New York 36, N. Y. (No charge, of course). * These advertisements appeared in the 7/14/61 issue. 





(cut here) 
electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 


Personal Background Education 


(cut here) 
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ASSISTANT CHIEF ENGINEER 


Seeking college graduate electronics engineer to 
assist Chief Engineer of commercial VHF _ tele- 
vision station in growing market. CBS affiliate; 
progressive management with long broadcast experi- 
ence; good record of low personnel turnover. Major- 
ity of equipment RCA; two Ampex Videotape 
Recorders; maximum power; 1000 foot tower. Appli- 
cant should he capable of doing design and con- 
struction work, and should have some administra- 
tive ability. Salary commensurate with experience 
and ability. Replies treated in confidence. 


TELEVISION BROADCAST TECHNICIAN 


Seeking experienced qualified television technician 
tor maintenance and operation at commercial VHF 
station in growing market. CBS affiliate: progres- 
sie management with long broadcast experience. 
Station is well-equipped; maximum power; 1000 
toot tower; two Ampex Videotape Recorders. Ap- 
plicant must be ambitious, dependable, and have 
First-Class Phone License. Some formal schooling 
in electronics preferred. Salary commensurate with 
experience and ability. Replies treated in con- 
fidence. Write: 


Chief Engineer, 
WLAC.-TV 


Nashville, Tennessee 














POSITION VACANT 

Senior Electronic Engineer—Opening for an 
electronic engineer with experience in circui- 
try, instrumentation and product design with 
a B.S. in E.E. and at least five years of ex- 
perience. Salary, $10,000 to $15,000 depend- 
ing on qualifications. Excellent opportunity 
for higher degree with tuition paid. Send 
complete resume to Ad-Yu Electronics Lab., 
Inc., 249 Terhune Avenue, Passaic, N. J 





MANUFACTURERS’ 
REPRESENTATIVES 


IN THE ELECTRONIC INDUSTRY 











SAMUEL K. MACDONALD, IN 


manufacturers representatives over 


1531 SPRUCE STREET, PHILA. 2, A. 


Territory 

Pennsylvania e New Jersey 
Delaware @ Maryland 
Virginia e West Virginia 
District of Columbia 


oll Ti meliita yt) 
Pittsburgh 
Baltimore 

Washington, D.C 
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GEIGER COUNTERS 
Have quantity of RCA laboratory type 
WF-16A Geiger Counters made to sell for 
$750. Will sacrifice at $125 each. 

MOSS ELECTRONIC, INC. 
3849 Tenth Avenue New York 34, N. Y. 

(Phone M. Steir—TUlip 2-1530) 
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PROFESSIONAL SERVICES 

















JOHN LESSER & STAFF 
ENGINEERING—DESIGN— 
DEVELOPMENT—PRODUCTION 


For Edge Light Panels Qualified to MIL-P-7788A 
nd Instruments Uluminated To MIL-L-25467A 


BODNAR PRODUCTS CORP. 
236 Huguenot St., New Rochelle,N.Y¥. NE 6-4664 
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Lincoln Laboratory 
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Litton Industries, 
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Electron Tube Divi- 
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Magnetic Products Division 
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Pacific Semiconductors Inc 
Phileo Corporation 
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The Hagan Model H-O may be used as 
a single instrument, or up to four differ- 
ent conductivity measurements may be 
recorded in a single meter case. Pro- 
vides continuous reliable measurement 
for a moderate investment. 

Temperature compensation is con- 
tinuous and automatic, and limit 
switches may be installed for applica- 
tions where drastic changes in dissolved 
solids may damage equipment. 


Write for Bulletin OE-10004 


<® HAGAN 


CHEMICALS & CONTROLS, INC. 
HAGAN CENTER, PITTSBURGH 30, PA. 


Are you selling the 
whole buying team 


Tough competition demands that the 
electronics man be reached and sold 
wherever you find him: Research, 
Design, Production, and Manage- 
ment. Only advertising in electronics 
reaches all four...the same men your 
salesmen call on. Put your advertis- 
ing where it works hardest 


in electronics | 
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Sprague Electri« 


Standard Telephones and Cz 
Limited 


Swissair 


Taylor Fibre Co 
Tektronix, Inc 
Transistor Specialties, Inc 


Frans World AirNness occccccsccecoess 


United Shoe Machinery Corp 


United Transformer Corp....... 2nd Cover 


Wales Strippit Inc.... 
Western Electric Company, Inc 
Westinghouse Electric Corp. 


Wiedemann Machine Company 


Manufacturers’ Representatives 
MacDonald, Inc., Samuel K 


Professional Services 


CLASSIFIED ADVERTISING 
F. J. Eberle, Business Mgr. 


EMPLOYMENT OPPORTUNITIES.... 
EQUIPMENT 


(Used or Surplus New) 
For Sale 


INDEX TO CLASSIFIED ADVERTISERS 
Moss Electronic Inc 


WLAC-TV 


@ See Advertisement in July 20, 1961 issue 
of Electronics Buyers’ Guide for complete line of 
products or services. 





This index and our Reader Service Numbers are pub- 
lished as a service. Every precaution is taken to make 
them accurate, but electronics assumes no _ responsi- 
bilities for errors or omissions. 
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Audit Bureau 
of Circulations 


Associated Business 
Publications 


Audited Paid Circulation 


JAMES T. HAUPTLI 
Advertising Sales Manager 


R. S. QUINT, Assistant Publisher Buyers’ Guide 
and Business Manager; FRED STEWART, Pro- 
motion Manager; B. ANELLO, Marketing 
Service Manager; RICHARD J. TOMLINSON, 
Production Manager; GEORGE E. POMEROY, 
Classified Manager; HUGH J. QUINN, Circu- 
lation Manager. 


ADVERTISING REPRESENTATIVES: NEW YORK 
(36) Donald H. Miller, Henry M. Shaw, George 
F. Werner, 500 Fifth Avenue, OXford 5-5959; 
BOSTON (16) William S. Hodgkinson, Donald 
R. Furth, McGraw-Hill Building, Copley 
Square, Congress 2-1160; PITTSBURGH (22) 
David M. Watson, Four Gateway Center, 
Express 1-1314; PHILADELPHIA (3) Warren 
H. Gardner, William J. Boyle, 6 Penn Center 
Plaza, LOcust 8-4330; CHICAGO (11) Harvey 


W. Wernecke, Martin J. Gallay, 645 North 
Michigan Avenue, Mohawk 4-5800; CLEVE- 
LAND (13) P. T. Fegley, 55 Public Square, 
Superior 1-7000; SAN FRANCISCO (11) T. H. 
Carmody, R. C. Alcorn, 255 California Street, 
Douglas 2-4600; LOS ANGELES (17) Marshall 
Freeman, Peter S. Carberry, 1125 W. 6th St. 
Huntley 2-5450; DENVER (2) J. W. Patten, 
Tower Building, 1700 Broadway, Alpine 
5-2981; ATLANTA (9) M. H. Miller, 1375 
Peachtree St. N.E., Trinity 5-0523; HOUSTON 
(25) Joseph C. Page, Jr., Prudential Bidg., 
Halcomb Blivd., Jackson 6-1281; DALLAS (1) 
Robert T. Wood, Frank Le Beau, The Vaughn 
Bidg., 1712 Commerce St., Riverside 7-9721; 
LONDON WI, Edward E. Schirmer, 34 Dover 
St.; FRANKFURT/Main, Stanley R. Kimes, 85 
Westendstrasse; GENEVA Michael R. Zeynel, 
2 Place du Port. 
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FOR ACCURATE ATTENUATION OVER A WIDE FREQUENCY RANGE... 


RF Attenuators by DAAWEIN 


These units are used in signal generators, wide-band Standard impedances are 50 and 73 ohms, with 
amplifiers, pulse generators, field intensity meters, special impedances available on request. Resistor ac- 
micro-wave relay systems, and repeater stations. They curacy is within +2% at DC. An unbalanced circuit 
find application as laboratory standards, test equip- is used which provides constant input and output 
ment, and for checking out all types of instruments. impedance. The units are supplied with either 
Daven RF Attenuators are available, in combina- UG-58/U or UG-185 U receptacles on Coaxial lead 
tion, with losses up to 120 Db in two Db steps; or terminations. Individual units with single-section cav- 
100 Db in one Db steps. Due to their internal circuitry ities can be obtained. 
and construction, they have a zero insertion loss over Many of these types are available for delivery from 
the frequency range from DC to 225 megacycles. stock. 





TYPE LOSS TOTAL | STANDARD 
Db IMPEDANCES 


RFA & RFB 540 1,2, 3,4 Db 10 50/502 and 73 
RFA & RFB 541 10, 20, 20, 20 Db 70 50/502 and 73 
RFA & RFB 542 2, 4,6, 8 Db 20 50/502 and 73 
Solenoid actuated RF RFA & RFB 543 20, 20, 20, 20 Db 80 50/502 and 73 
Attenuators are also RFA & RFB 550 1, 2,3, 4, 10 Db 20 50/502 and 73 
vailahio } . RFA & RFB 551 10, 10, 20, 20, 20 Db 80 50/502 and 73 
avarlabie in various RFA & RFB 552 2, 4, 6, 8, 20 Db 40 | 50/509 and 73 
jecibel combinations 


ind any number of 
teps up to 5. 


: “DAVEN = 


W rite for com plete information 530 West Mt. Pleasant Ave. 


Route 10, Livingston, N. J. 























Other Db loss combinations are available 








MANUFAC TURES O F 





Now 0.25 ohm max. R;; min. beta of 15 @ 5 amp—7.5 @ 10 amp 


with RCA 2N2015 and 2N2016 
150-watt, 200 C Silicon Power Transistors 


Outstanding as replacements for germanium power transistors of comparable power 
ratings in inverter, voltage-regulator and other power-supply applications, the new 
high-temperature RCA 2N2015 and 2N2016 feature: 


0.25-ohm max. saturation resistance 
at Ic = 5 amp. 


Beta of 15 to 50 at Ic 
Min. beta of 7.5 @ Ic 


10 amp max. collector current. 


5 amp. 
10 amp. 


150 watts max. transistor dissipation 
at 25°C. 


200°C max. junction temperature. 
1.17 C/W max. thermal resistance. 
JEDEC TO-36 package. 


Immediate Availability. 





INPUT 
2 to 40 VOLTS 








2N1481 2N1481 
4 


RCA 2N2015. 2N2016 can deliver 10 


amperes to 280-watt load in voltage- 





regulator circuit. 








Serene: 





now using: 


T 


Type 


2N2016 


+ 


2N2015 


t 


Call your RCA representative today for full particulars on new RCA 2N2015, 2N2016 
and the entire RCA lineup of Industrial Silicon Transistors. For additional technical 
information. write RCA Semiconductor and Materials Division, Commercial Engi- 
neering, Section G-19-NN-3, Somerville, New Jersey 


Available 
through 
your RCA 
distributor 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 


OUTPUT 
28 V REG 








FIELD OFFICES: 


EAST: Newark, N. J., 744 Broad Street, HUmboldt 
5-3900 - Erlton, N. J., 605 Marlton Pike, HAzel 
8-4802 - Baltimore, Md., ENterprise 5-1850 - Syra- 
cuse 3, New York, 731 James Street, Room 402, 
GRanite 4-5591 - NORTHEAST: Needham Heights 
94, Mass., 64 “A” Street, Hillcrest 4-7200 - SOUTH- 
EAST: Orlando, Fla., 1520 Edgewater Drive, Suite 
#1, GArden 4-4768 - EAST CENTRAL: Detroit 2, 
Mich., 714 New Center Bldg., TRinity 5-5600 - 
CENTRAL: Chicago, Ill., Suite 1154, Merchandise 
Mart Plaza, WHitehall 4-2900 - Minneapolis, Minn., 
5805 Excelsior Blvd., WEst 9-0676 - WEST: Los 
Angeles 54, Calif., Box 54074, RAymond 3-8361 - 
Burlingame, Calif., 1838 El Camino Real, OXford 
7-1620 - SOUTHWEST: Dallas 7, Texas, 7905 Car- 
penter Freeway, Fleetwood 7-8167 - GOV'T.: 
Dayton, Ohio, 224 N. Wilkinson St., BAldwin 6-2366 
Washington, D.C., 1725 “K” St., N.W., FE 7-8500 




















